-« 


DEPARTMENT  OF  THE  INTERIOR 
BUREAU    OF    MINES 

JOSEPH  A.  HOLMES.  Director 


FUEL-BRIQUEHING  INVESTIGATION* 


ENGlNtEHifiG 


JULY,  1904,  TO  JULY,  1912 


BY 


C.  L.  WRIGHT 

JUN  y< 


V 


WASHINGTON 

GOVERNMENT  PRINTING  OFFICE 

1913 


Bulletin  58 


DEPARTMENT  OF  THE  INTERIOR 
BUREAU     OF    IVUNES 

JOSEPH  A.  HOLMES,  Director 


FUEL-BRIQUETTING  INVESTIGATIONS 


JULY,  1904,  TO  JULY,  1912 


BY 


C.  L.  WRIGHT 


WASHINGTON 

GOVERNMENT  PRINTING  OFFICE 

:913 


First  edition.    Septemhcr,  19 IS. 


CONTENTS. 

Page. 

Introduction 1 

General  equipment  of  Government  fuel-testing  stations 2 

Personnel  of  briquetting  staff 2 

Commercial  aspects  of  briquetting  in  the  United  States 3 

Causes  of  failure  of  briquetting  plants 3 

Conditions  favoring  development  of  the  industry 4 

Present  outlook 5 

Advantage  of  briquetted  over  natural  fuel 5 

The  briquetting  of  American  lignites 6 

Introductory  statement 6 

Extent  of  lignite  resources  in  United  States 7 

Production  and  value  of  lignite  in  United  States 8 

Briquetting  of  lignite  in  the  past 8 

German  briquetting  press 9 

Results  of  lignite-briquetting  tests 9 

Increase  of  heating  value 10 

Resistance  to  weathering 10 

Resistance  to  handling 11 

Efficiency  as  fuel 11 

Work  of  North  Dakota  experiment  station 11 

Cost  of  briquetting  lignite 12 

Cost  by  the  German  method ' 12 

Cost  in  the  United  States 12 

Market  price  of  briquets  in  Europe 14 

Estimated  cost  of  briquetting  American  fuels  with  binders 16 

Characteristics  of  briquets 17 

Coherence 17 

Hardness  and  toughness 19 

Density 19 

Size  and  shape 19 

Weathering 19 

Absorption 20 

Burning  qualities 20 

Readiness  of  ignition 20 

Kind  of  flame 20 

Retention  of  shape 21 

Percentage  of  ash 22 

Evaporation  results 22 

Equipment  of  briquetting  plants 22 

St.  Louis  plant 22 

English  machine 22 

American  machine 24 

Renfrow  No.  1  machine 25 

Hand  press 26 

Norfolk  plant 26 

General  description 26 

English  machine 27 

rn 


IV  CONTENTS. 

Equipment  of  briquetting  plants — Continued. 
Norfolk  plant— Continued. 

Renfrow  No.  2  machine 

Schlickeysen  peat  machine 

Pittsburgh  plant '. 

General  description 

Conveyor  and  crusher 

Drier 

Cooler 

Dust  stacks 

German  machine 

English  machine 

Laboratory  hand  press 

Method  of  making  tests  on  German  press 

Die  angles  used 

Pressures  used 

Ladley  briquetting  press 

Fuels  tested : 

Binders  used 

Binders  used  in  earlier  tests  at  St.  Louis 

Rosin 

Asphalt 

Petroleum 

Molasses 

Lime 

Clay 

Laboratory  experiments  at  St.  Louis 

Pitch  tests 

General  results 

Tests  of  pitch  A 

Tests  of  pitch  B 

Tests  of  pitches  C  and  D 

Tests  of  pitch  E 

Tests  of  pitch  G 

Tests  of  pitch  X 

Tests  of  pitch  Z 

Tests  of  asphalt  binders 

Rc-^ults  with  California  asphalt , 

Results  with  "  kopak  " 

Results  with  a.sphaltic  pitch 

Results  with  Indian  Territory  asphalt. . . 

Results  with  \\'yoming  asphalt 

Rosin  tests 

Results  with  rosin  and  petroleum 

Results  with  rosin  and  lime 

Results  with  rosin,  lime,  and  petroleum. 

Results  with  rosin  and  sulphuric  acid.  . 

Petroleum  tests 

Tests  with  molas,ses 

Tests  with  wax  tailings 

Tests  with  acid  sludge 

Tests  with  lime 

Teste  with  clay 


CONTENTS.  V 

Binders  used — Continued.  Page. 
Laboratory  experiments  at  St.  Louis — Continued. 

Coals  used  in  tests 60 

Tests  with  Colorado  No.  1 (iO 

Tests  with  Texas  No.  1 (50 

Tests  with  West  Virginia  No.  3 02 

Tests  with  other  coals 63 

Binders  used  in  later  St.  Louis  and  Norfolk  tests fi3 

Other  binder  investigations 65 

Inorganic  binders 65 

Organic  binders 65 

Character  and  results  of  the  investigations 66 

Tests  of  American  lignite  in  Germany 69 

Laboratory  investigations  of  binders  and  fuels 70 

Method  of  making  laboratory  briquetting  tests 71 

Designated  qualities  of  briquets 71 

Compression  test 71 

Details  of  laboratory  binder  tests 72 

Tests  with  Pittsburgh  No.  15 72 

Tests  with  Pittsburgh  No.  17 74 

Tests  with  Pennsylvania  anthracite  culm 78 

Tests  with  Philippine  lignite 79 

Tests  with  Pittsburgh  bituminous  slack 84 

Tests  with  Texas  lignite 88 

Tests  with  Utah  subbituminous  coal 91 

Tests  with  Washington  subbituminous  coal 93 

Summary  of  laboratory  tests  of  binders 95 

Conclusions  from  laboratory  tests 95 

Sulphite  pitch  as  a  binder 96 

Derivation  of  the  pitch '. 96 

Preparation  and  use  iii  Germany 97 

The  Pollacsek  briquetting  process 99 

Apparatus  for  briquetting  coal  and  coke  with  cell  pitch 100 

Weatherproofing  treatment 100 

Application  and  cost  of  production 101 

Cell  pitch  for  briquetting  fine  ores,  fuel  dust,  and  the  like 101 

Cell-pitch  experiments  of  Dr.  Trainer * 102 

Literature  on  sulphite  liquor  and  sulphite  pitch 103 

Tests  to  which  briquets  were  subjected 103 

Physical  tests 103 

Drop  test 103 

Tumbler  test 103 

Absorption  test 103 

Determination  of  density 104 

Weathering  test 104 

Compression  test 105 

Chemical  tests 106 

Proximate  and  ultimate  analyses 106 

Moisture  test 107 

Extraction  test 107 

Combustion  tests 108 

Steaming  tests 108 

Stationary-boiler  tests 1 08 

Key  to  steaming  tests 109 

Locomotive-boiler  tests Ill 

Tests  on  torpedo  boat  Biddle 116 


VI  CONTENTS. 

Tests  to  which  briquets  were  subjected — Continued. 

Combustion  tests— Continued.  Page- 

Domestic-furnace  tests 117 

Discussion  of  results 119 

Special  tests ., 119 

Water-gas  machine  test 119 

Cupola  test 120 

Coking  of  briquets  and  briquet  mixtures 120 

Details  of  briquetting  tests 121 

Alabama  No.  1 ....  .' 121 

Alabama  No.  2B 122 

Alabama  No.  4  . 123 

Arfientina  No.  1 125 

Arkansas  No.  1 126 

Arkansas  No.  2 126 

Arkansas  No.  3 127 

Arkansas  No.  4 '. 128 

Arkansas  No.  5 130 

Arkansas  No.  6 132 

Arkansas  No.  7B 132 

Arkansas  No.  13 133 

California  coal-Pittsburgh  No.  14 135 

Tests  on  the  Ladley  press 138 

Method  of  heating  lignite 138 

Stove  and  grate  combustion  tests  of  briquets 140 

Tests  in  a  kitchen  range 140 

Tests  in  a  heating  grate 141 

Conclusions 142 

Colorado  No.  1 143 

Illinois  No.  1 143 

Illinois  No.  4 144 

Illinois  No.  7E 146 

Illinois  No.  9C 147 

Illinois  No.  12B 148 

Illinois  No.  20 150 

Illinois  No.  21 150 

Illinois  No.  23B 151 

Illinois  No.  28A 152 

Illinois  No.  28B 153 

Illinois  Nos.  29A  and  29B 155 

Illinois  No.  30 156 

Illinois  No.  31 158 

Illinois  No.  33 159 

Indiana  No.  1 160 

Indiana  No.  IB 161 

Indiana  No.  2 162 

Indi;ina  No.  5B 162 

Indiana  No.  6B 163 

Indiana  No.  19 165 

Indiana  No.  20 ,. 166 

Indian  Territory  No.  2 167 

Indian  Territory  Nos.  2B  and  2C 167 

Indian  Territory  No.  3 170 

Indian  Territory  No.  G 171 


CONTENTS.  VII 

Details  of  briquetting  tests — Continued.  Page. 

Indian  Territory  No.  9 174 

Iowa  No.  4 175 

Kansas  No.  2 176 

Kansas  No.  2B 177 

Kentucky  No.  1 178 

Kentucky  No.  2 179 

Kentucky  No.  2B 180 

Maryland  No.  2 181 

Missouri  No.  1 182 

Missouri  No.  10 183 

Montana  No.  1 184 

New  Mexico  No.  1 185 

New  Mexico  No.  2 186 

North  Dakota  No.  1 187 

North  Dakota-Pittsburgh  No.  11 189 

North  Dakota-Pittsburgh  No.  13 191 

North  Dakota-Pittsburgh  No.  15 193 

Pennsylvania  No.  3 195 

Pennsylvania  No.  15 197 

Pennsylvania  No.  16 '. 198 

Pennsylvania  No.  18 199 

Pennsylvania  No.  19 203 

Pennsylvania  No.  20 205 

Pennsylvania  No.  22 206 

Pennsylvania-Jamestown  No.  18 207 

Philippine  Islands-Pittsburgh  No.  112 208 

Summary  of  results  of  tests  of  Philippine  coal 217 

Crushing 217 

Effects  of  drying 217 

Compressibility 218 

Binder  rec^uired 218 

Proportion  of  binder  required 218 

Heat  values 219 

Rhode  Island  No.  1 219 

Rhode  Island-Pittsburgh  No.  19 219 

Tennessee  No.  1 221 

Tennessee  No.  4 222 

Tennessee  No.  7B 223 

Tennessee  Nos.  9B  and  9C  (washed  slack) 225 

Tennessee  No.  10 226 

Texas  No.  4 227 

Texas-Pittsburgh  No.  7 228 

Texas-Pittsburgh  No.  8 229 

Texas-Pittsburgh  No.  9 232 

Utah  No.  1 235 

Utah  No.  2 236 

Virginia  No.  5B 238 

Virginia- Jamestown  No.  2 239 

Virginia-Jamestown  No.  14 241 

Washington  No.  2 242 

West  Virginia  No.  3 243 

West  Virginia  No.  6 243 

West  Virginia-Jamestown  No.  3 244 


VIII  CONTENTS. 

Details  of  briquettinp;  tests — Continued.  Page. 

West  Virginia-Jamestown  No.  5 246 

West  Virginia-Jamestown  No.  6 247 

West  Virginia-Jamestown  No.  7 248 

West  Virginia- Jamestown  No.  8 .- 249 

West  Virginia-Jamestown  No.  9 251 

West  Virginia-Jamestown  No.  10 252 

West  Virginia-Jamestown  No.  11 253 

West  Virginia-Jamestown  No.  12 255 

West  Virginia-Jamestown  No.  13 25(5 

West  Virginia-Jamestown  No.  15 257 

West  Virginia-Jamestown  No.  16 258 

West  Virginia-Jamestown  No.  17 260 

Wyoming  No.  1 261 

Wyoming  No.  6 263 

Miscellaneous  No.  5 264 

Miscellaneous  No.  9 264 

Recent  literature  on  briquetting 266 

Publications  on  fuel  technology 270 

Index " 273 


ILLUSTRATIONS. 


Plate  I.  A,  English  Imquetting  machine  as  installed  at  St.  Louis;  B, 

Schlickeysen  peat  macliine 22 

II.  A,  American  briquetting  macliine  at  St.  Louis;  5,  American 

briquetting  machine  a1  work 24 

III.  General  view  of  briquetting  machines,  St.  Louis  plant 26 

IV.  Plan  of  briquet  equipment  at  Norfolk  fuel-testing  plant 28 

V.  ^1,  Plant  end  of  car-loading  conveyor,  showing  end  of  conveyor; 

B,  Car-loading  conveyor  Idling  car  with  briquets 28 

VI.  Elevation  of  English  briquetting  machine 28 

VII.  A,  Hopper  and  scales  back  of  English  machine;  J5,  Stedman 

disintegrator 28 

VIII.  Elevation  of  Renfrew  No.  2  briquetting  machine 30 

IX.  A,  Pitch  cracker,  scales,  and  hopper  back  of  Renfrew  No.  2 
machine  at  Norfolk;   B,  Arrangement  and  driving  gear  of 

pitch  and  coal  mixing  conveyors 30 

X.  Briquetting-i)lant  l)uilding  at  Pittsburgh 30 

XI.  A,  Recei\-ing  end  of  Sduilz  drier;  B.  Delivery  end  of  Schulz 

drier 32 

XII.  A,  Screen,  crushing  rolls,  cooler,  and  elevator  to  second  floor  of 

building;  B,  Laboratory  hand  press 32 

XIII.  German  briquetting  machine;  English  machine  in  background 

at  left 34 

XIV.  Side  view  of  English  machine  at  Pittsburgh .34 

XV.  A,  Front  view  of  Ladley  briquetting  jiress;  B.  Side  view 36 

XVI.  -4,  Briquets  at  beginning  of  weathering  test;  B,  Briquets  after 

exposure  for  9  days 106 


CONTENTS.               .  IX 

Plate    XVII.  ^,  Briquets  after  exposure  for  24  days;  B,  Briquets  after  expo-  Page. 

sure  for  34  days 106 

XVIII.  A,  Briquets  after  exposure  for  46  days;  B,  Briquets  after  expo- 
sure for  56  days 106 

XIX.  A,  Briquets  after  exposure  for  66  days;  B,  Briquets  after  expo- 
sure for  96  days 106 

XX.  A,  Briquets  after  exposure  for  126  days;  B,  Briquets  after  expo- 
sure for  166  days 106 

XXI.  A,  Briquets  after  exposure  for  226  days;  B,  Briquets  after  expo- 
sure for  286  days 106 

Figure  1.  Cross  section  of  lignite-briquetting  plant 31 

2.  Longitudinal  section  of  lignite-briquetting  plant 32 

3.  Vertical  sections  through  mold  box  of  lignite-briquetting  press 33 


FUEL-BRIQUETTING  mVESTIGATlONS,  JULY,  1904,  TO 

JULY,  1912. 


By  C.  L.  Wright. 


INTRODUCTION. 

In  1904  the  Government  began  a  series  of  fuel-testing  investiga- 
tions at  its  fuel-testing  plant  at  St.  Louis,  Mo.  These  investigations, 
which  were  placed  under  the  supervision  of  the  United  States  Geo- 
logical Survey,  included  chemical  analyses,  steaming  tests,  gas- 
producer  tests,  briquetting  tests,  coking  tests,  and  washing  tests  of 
samples  collected  from  the  various  coal  fields  of  the  country.  The 
specific  purpose  of  the  investigations  was  to  analyze  and  test  the  coals 
and  lignites  in  the  United  States,  in  order  to  deternime  their  fuel 
values  and  the  most  efficient  methods  of  utilising  them  for  different 
purposes. 

Part  of  the  fuel-testing  plant,  including  the  briquetting  equipment, 
was  moved  to  Norfolk,  Va.,  in  1907,  and  the  fuel-testing  investiga- 
tions were  made  one  of  the  divisions  of  the  technologic  branch  of  the 
Geological  Survey.  In  1908,  after  the  close  of  the  Jamestown 
Exposition,  most  of  the  fuel-testing  equipment  was  removed  to  its 
present  location  at  the  Pittsburgh  experiment  station,  Fortieth  and 
Butler  Streets,  Pittsburgh,  Pa.  In  1910,  an  act  of  Congress,  effective 
July  1,  established  the  Bureau  of  Mines  in  the  Department  of  the 
Interior  and  authorized  the  transfer  to  this  bureau  of  the  fuel-testing 
investigations  that  had  been  carried  on  by  the  technologic  branch. 

Bulletms  presenting  the  results  of  various  inquiries  and  investiga- 
tions relating  to  briquetting  have  been  published  by  the  Geological 
Survey  and  the  Bureau  of  Mines. «  As  the  supply  of  some  of  these 
bulletins  is  exhausted,  the  Bureau  of  Mines  has  decided,  instead  of 
reprinting  them,  to  publish  the  more  important  facts  they  contain 

«  Parker,  E.  W.,  Holmes,  J.  A.,  and  Campbell,  M.  R.,  committee  in  charge,  Preliminary  report  of  the 
operations  of  the  coal-testing  plant  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  1904:  U.  S.  Geol. 
Survey  Bull.  261,  1905,  172  pp.;  Holmes,  J.  A.,  Preliminary  report  on  the  operations  of  the  fuel-testing 
plant  of  the  United  States  Geological  Survey  at  St.  Louis,  Mo.,  1905:  U.  S.  Geol.  Survey  Bull.  290,  1906, 
240  pp.;  Parker,  E.  W.,  Holmes,  J.  A.,  and  Campbell,  M.  R.,  committee  in  charge.  Report  on  the  operations 
of  the  coal-testing  plant  of  the  United  States  Geological  Survey  at  the  Louisiana  Purchase  Exposition, 
St.  Louis,  Mo.,  1904:  U.  S.  Geol.  Survey  Prof.  Paper  48,  1906  (m  three  parts),  1492  pp.,  13  pis.;  Holmes,  J.  A., 
Report  of  the  United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1,  1906,  to  June  30,  1907:  U.  S. 
Geol.  Survey  Bull.  332,  1908,  299  pp.;  Mills,  J.  E.,  Bmder  for  coal  briquets  (investigations  made  at  the  fuel- 
testing  plant,  St.  Louis,  Mo.):  U.  S.  Geol.  Survey  Bull.  343,  1908,  56  pp.  (reprinted  as  Bull.  24,  Bureau  of 
Mines);  Wright,  C.  L.,  Briquettmg  tests  at  the  United  States  fuel-testing  plant,  Norfolk,  Va.,  1907-8: 
U.  S.  Geol.  Survey  Bull.  385,  1909,  41  pp.,  9  pis.  (reprinted  as  Bull.  30,  Bureau  of  Mines);  and  Wright,  C.  L., 
Briquetting  tests  of  lignite  at  Pittsburgh,  Pa.,  1908-9,  with  a  chapter  on  sulphite-pitch  binder:  Bull. 
14,  Bureau  of  Mines,  1911,  64  pp.,  11  pis.,  4  figs 
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and  the  results  of  all  other  briquetting  investigations  undertaken 
by  the  Government  from  July  1,  1904,  to  July  1,  1912,  in  one  volume. 
Material  from  other  bulletins  containing  reports  of  steaming  tests  of 
briquets  is  included,  due  credit  in  each  case  being  given. 

GENERAL  EQUIPMENT  OF  GOVERNMENT  FUEL-TESTING 

STATIONS. 

The  equi])ment  for  carrying  on  briquetting  tests  at  the  St.  Louis 
fuel-testing  plant  consisted  of  thi'ee  briquetting  plants — one  exhibited 
by  William  Johnson  &  Sons,  of  Leeds,  England;  one  by  the  American 
Compressed  Fuel  Co.,  of  Chicago,  111.;  and  one  by  the  Renfrow 
Briquet  Machine  Co.,  of  St.  Louis,  Mo.  These  presses  or  plants  are 
referred  to  in  the  text  as  the  "English  machine,"  the  "American 
machme,"  and  the  "Renfrow  No.  1  machine."  A  building  was 
provided  for  the  English  plant  and  another  for  the  American  plant. 
Steam  and  electric  power  were  furnished  by  the  power  plant  of  the 
station.  A  direct-heat  cylindrical  drier  contributed  by  the  C.  O. 
Bartlett  &  Snow  Co.,  of  Cleveland,  Ohio,  was  used  for  drying  the 
washed  coals  and  lignites  when  the  moisture  content  was  too  high  to 
permit  successful  briquetting.  A  WUliams  crusher  contributed  by 
the  Williams  Patent  Crusher  &  Pulverizing  Co.,  of  St.  Louis,  Mo., 
and  a  Stedman  pin  disintegrator  made  by  the  Stedman  Foundry  & 
Machine  Works,  of  Aurora,  Tnd.,  were  used  for  reducing  the  fuel 
and  binders  to  sizes  suitable  for  briquetting. 

The  equipment  used  for  briquetting  experiments  at  the  Norfolk 
plant  consisted  of  the  English  plant  used  at  St.  Louis,  a  new  Renfrow 
machine  designated  in  this  report  as  the  "Renfrow  No.  2,"  and  a 
Schlickeysen  "auger"  machine  for  manufacturing  "machined  peat." 

At  the  Pittsburgh  plant  \ho  English  machine  was  placed  on  a 
foundation,  but  auxiliary  equipment  for  it  has  not  yet  been  installed, 
and  most  of  the  briquetting  experiments  at  this  station  have  been 
made  with  the  German  lignite-briquettiug  plant,  complete  with  press, 
drier,  and  cooler.  A  small  hydraulic  caking  press  made  by  the 
Watson-StUlman  Co.  of  New  York,  and  operated  by  hand,  was  also 
installed  at  this  station  and  used  for  making  preliminary  briquetting 
tests  of  fuels  and  comparative  tests  of  binders. 

PERSONNEL  OF  BRIQUETTING   STAFF. 

The  various  fuel  investigations  at  St.  Louis  in  1904  were  under 
the  general  supervision  of  E.  W.  Parker,  statistician  of  the  Geological 
Survey;  J.  A.  Holmes,  then  State  geologist  of  North  Carohna;  and 
M.  R.  Campbell,  geologist  of  the  Geological  Survey.  This  committee, 
with  the  addition  of  C.  W.  Hayes,  then  chief  geologist  of  the  Geologi- 
cal Survey,  also  had  charge  of  the  work  in  1905.  Since  early  in 
1906  the  work  has  been  under  the  general  direction  of  J.  A.  Holmes, 
now  director  of  the  Bureau  of  Mines. 
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The  briquetting  tests  at  St.  Louis  were  originally  directed  by 
J.  H.  Pratt,  of  the  University  of  North  Carolina,  assisted  by  A.  A. 
Steel.  Later  the  tests  were  placed  in  charge  of  C.  T.  Malcolmson, 
who  was  assisted  by  J.  E.  Mills,  W.  J.  Chapman,  Robert  Strasser, 
G.  E.  Ryder,  Ralph  Gait,  and  C.  L.  Wright.  The  tests  at  Pitts- 
burgh were  directed  by  C.  L.  Wright,  assisted  by  H.  L.  Gardener 
and  Otto  Lelmian.  Acknowledgement  is  gratefully  made  of  valuable 
advice  and  suggestions  from  H.  M.  Wilson,  A.  W.  Belden,  O.  P. 
Hood,  and  J.  C.  Roberts. 

The  chemical  analyses  were  made  at  the  laboratory  of  the  fuel- 
testing  division  under  the  direction  of  F.  M.  Stanton  and,  later, 
A.  C.  Fieldner. 

COMMERCIAL    ASPECTS    OF    BRIQUETTING    IN   THE 
UNITED  STATES. 

There  are  some  American  engineers  who  doubt  whether  fuel  briquet- 
ting  can  be  successful  in  the  LTnited  States  for  many  years  to  come. 
This  skepticism  probably  is  caused  by  the  numerous  unsuccessful 
attempts  to  briquet  fuels  on  a  commercial  scale. 

CAUSES  OF  FAILURE  OF  BRIQUETTING  PLANTS. 

The  failures  mentioned  were  in  a  large  measure  due  to  the  following 
causes: 

1 .  Many  of  the  "plants  "  represented  promoters'  schemes,  no  attempt 
being  made  to  build  the  plants. 

2.  Attempts  were  made  to  develop  a  new  binding  material  or  a 
new  press,  without  proper  appreciation  of  the  principles  of  briquetting. 

3.  Plants  were  poorly  situated  for  marketing  the  briquets. 

4.  The  briquets  produced  were  inferior.  Briquets  containing  an 
excessive  amount  of  pitch  binder  have  been  placed  on  the  market, 
with  the  result  that  after  one  trial  householders  were  disgusted  with 
the. soot  and  odor  produced.  Results  of  this  kind  are  especially 
harmful  to  the  development  of  the  industry,  as  it  is  very  hard  to  over- 
come a  prejudice  against  briquets  when  once  it  is  created. 

5.  Poor  salesmanship  has  been  responsible  for  other  failures  of 
briquetting  ventures.  As  briquets  are  a  comparatively  new  and 
untried  form  of  fuel  careful  salesmanship  to  introduce  them  is 
required.  As  many  retail  coal  dealers  are  afraid  that  the  new  fuel 
will  supplant  the  usual  fuels  they  do  not  encourage  the  introduction 
of  briquets;  some  even  tell  their  customers  that  briquets  are  made  of 
dirt  and  have  practically  no  heating  value.  Therefore,  to  build  up 
a  successful  business  in  fuel  briquetting  requires  much  advertising 
and  demonstration,  not  to  mention  capital  and  time. 

6.  Uncertainty  in  the  supply  of  raw  fuel  or  binder  has  caused  the 
failure  of  many  briquettmg  plants. 
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7.  Lack  of  technical  supervision  has  in  some  instances  been  tlie 
direct  cause  of  failure.  Certain  features  of  briquetting,  notably 
suitable  binder,  proper  temperature,  and  the  influence  of  moisture, 
are  all  problems  that  require  technical  hivestigation  and  chemical 
control.  The  making  of  satisfactory  briquets  involves  considerably 
more  than  the  possession  of  suitable  machinery.  Slight  variations 
in  the  quality  of  binder  used  may  make  all  the  difference  between 
success  and  failure,  as  the  binder  is  the  largest  item  in  tlie  })riquetting 
cost. 

CONDITIONS  FAVORINa  DEVELOPMENT  OF  THE    INDUSTRY. 

The  condition  that  more  than  any  other  has  prevented  the  develop- 
ment of  this  industry  in  the  United  States  is  the  low  price  of  bitumi- 
nous coal  and  especially  the  small  difference  between  the  price  of  the 
lump  coal  and  that  of  the  slack,  or  fine  coal.  Much  of  the  lump  coal 
is  finally  crushed  before  being  manufactured  into  coke,  and  the  slack 
coal  has  even  the  advantage  in  not  having  to  be  crushed.  Where 
these  coals  are  sold  for  general  power  purposes  much  of  the  fine  coal 
can  be  shipped  and  burned  with  the  lump  coal,  for  the  reason  that  it 
fuses  as  soon  as  it  begms  to  burn,  and  therefore  neither  clogs  the 
draft  nor  escapes  with  the  ashes,  as  is  the  case  with  noncoking  coals. 

In  States  where  noncoking  coals  are  produced  the  demand  for  the 
slack  coal  is  not  so  great,  and  in  some  places  it  can  be  bought  for  less 
than  50  cents  per  ton.  At  a  number  of  mines  large  quantities  are 
thrown  on  the  dump  as  waste,  and  frc^quently  the  slack  is  burned 
there  in  order  to  get  rid  of  it. 

A  large  variety  of  special  equij^ment  for  burning  fine  coal  has 
been  developed  in  the  United  States.  The  results  of  many  tests 
seem  to  indicate  that  with  the  noncoking  coals  the  use  of  the  finely 
powdered  coal,  even  in  the  modern  furnace,  is  a  disadvantage  rather 
than  a  gain.  The  fine  material  sifts  through  on  to  the  grates,  pre- 
vents a  full  draft,  and  may  be  ultimat(^ly  lost  ^v^th  the  ashes.  This 
material  should  therefore  be  separated  from  the  coarser  coals  and 
made  into  briquets  if  possible. 

With  anthracite  and  semianthracite  coals  the  difference  between 
the  ])rice  of  the  lump  coal  and  that  of  the  slack  is  often  more  than 
sufficient  to  cover  the  cost  of  manufacturing  briquets,  and  in  such 
cases  there  can  be  no  question  as  to  the  ])ossibility  of  establishmg  a 
briquetting  industry  as  soon  as  the  proper  bindmg  material  and 
briquetting  equipment  can  be  provided. 

There  are  still  other  cases  in  which  the  difference  between  the  price 
of  the  lump  coal  and  of  the  slack  is  about  sufficient  to  cover  the  cost 
of  briquet  manufacture.  The  fact  that  the  briquets  made  from  this 
material  present  certain  advantages  over  the  lump  coal  make  them 
command  a  j)rice  enough  higher  to  provide  a  margin  of  profit. 
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The  high  cost  of  pitch  binder  is  one  of  the  barriers  in  the  way  of 
the  development  of  this  industry.  One  of  the  purposes  of  this  inves- 
tigation has  been  to  discover,  if  possible,  some  cheaper  bindmg 
material.  The  cost  of  manufacturing  briquets  m  France,  Germany, 
Belgium,  and  England,  including  all  necessary  items  except  the  cost  of 
the  coal  and  binding  material,  ranges  from  25  to  50  cents  per  ton. 
Where  pitch  is  used  as  a  bmder,  its  cost  for  a  ton  of  briquets  varies 
from  50  to  80  cents.  How  far  the  cost  of  briquetting  may  be  reduced 
by  the  use  of  cheaper  binders  remains  to  be  seen. 

PRESENT  OUTLOOK. 

The  most  favorable  outlook  for  the  development  of  this  industry 
in  the  United  States  is  in  the  direction  of  the  use  of  briquets  in  loco- 
motives and  in  domestic  furnaces  and  stoves.  It  can  hardly  be 
expected  that  at  the  present  prices  of  slack  coal  briquets  can  be 
manufactured  for  successful  use  m  the  ordmar}^  power-plant  furnaces. 

The  fuel-briquetting  industry  has  passed  the  pioneer  stage  and  is 
making  a  steady  growth  each  year.  The  engineering  difficulties  have 
been  solved  to  the  extent  that  at  least  one  engineering  firm  is  willing 
to  build  a  briquetting  plant  and  guarantee  it  to  produce  a  specified 
tonnage  of  briquets  of  a  certain  quality,  the  plant's  efficiency  to  be 
established  before  payment  is  made. 

There  were  in  operation  in  the  spring  of  1912  18  fuel-briquetting 
plants,  all  of  which  were  visited  by  the  writer;  about  6  other  plants 
may  be  operating  successfully,  although  they  were  not  inspected  by 
the  writer  in  1912. 

ADVANTAGES  OF  BRIQUETTED  OVER  NATURAL  FUEL. 

Briquets  when  properly  made  with  a  suitable  binder  possess  the 
following  advantages  over  raw  fuel: 

1 .  The  even  size  of  the  briquets  permits  a  more  regular  and  thorough 
combustion  in  the  firebox  or  furnace. 

2.  They  produce  much  less  smoke,  and,  in  many  cases,  practically 
no  smoke.  This  feature  of  briquets  is  more  noticeable  with  the 
smaller  sizes  than  with  the  large  rectangular  blocks.  On  account  of 
the  number  of  flat  surfaces  the  latter  tend  to  pack  together,  thus 
preventing  free  access  of  air.  If  an  excessive  amount  of  tarry  pitch 
is  used  some  smoke  will  be  given  ofi^. 

3.  Good  briquets  retain  their  shape  in  the  fire,  and  do  not  cake 
sufficiently  to  cut  off  the  supply  of  air  to  the  upper  surface  of  the  fire. 

4.  Briquets  usually  burn  to  a  fine  ash  without  clinkering.  In  the 
briquetting  process  the  mixing  and  grinding  distributes  the  ash  or 
foreign  material,  which  forms  lumps  and  layers  in  the  raw  coal. 
Wlien  raw  coal  is  burned  many  of  these  lumps  and  layers,  being  too 
large  to  pass  the  grate,  are  fused  into  clinkers. 

5.  A  briquet  fire  requires  much  less  care  than  one  of  raw  fuel. 
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6.  The  evaporative  power  of  briquets  is  greater  than  that  of  coal 
in  its  natural  condition.  Tliis  advantage  has  been  found  to  exist 
at  all  rates  of  evaporation.'* 

8.  The  weather-resisting  qualities  of  many  coals,  especially  lignites, 
are  greatly  improved  by  briquetting. ' 

9.  Steam  can  be  more  quickly  anil  easily  raised  with  briquet  fuel 
than  with  run-of-mine  coal.^ 

10.  Higher  rates  of  combustion  are  possible  with  briquets  than  with 
run-of-mine  coal.*' 

1 1 .  The  loss  from  breakage  during  transportation  of  good  briquets 
is  less  tha>i  with  run-of-mine  coal.  This  loss  should  not  exceed  5  per 
cent. 

12.  The  possibility  of  spontaneous  combustion  is  eliminated  if  the 
fuel  is  stored  in  the  briquetted  form,  and  for  this  reason  fuel  in  the 
form  of  briquets  is  favored  by  European  countries. 

13.  The  large  block-shaped  briquets  may  be  piled  in  regular  rows, 
and  occupy  less  space  per  ton  tlian  the  run-of-mine  coal.  However, 
the  egg-shaped  or  cylindrical  briquets  occupy  more  space  than  the 
run-of-mine  fuel. 

14.  Briquets  have  a  higher  heating  value  tlian  the  raw  fuel  from 
which  they  are  made,  by  reason  of  the  higher  heating  values  of  the 
binders  and  the  loss  of  water,  especially  in  the  case  of  lignite,  during 
briquetting. 

THE  BRIQUETTING  OF  AMERICAN  LIGNITES. 

INTRODUCTORY    STATEMENT. 

The  industrial  suproinacy  of  the  United  States  is  dependent  on 
its  fuel  resources.  A  small  part  of  the  total  fuel  supply  of  tlie  United 
States  has  been  used,  but  increase  in  the  cost  of  mining  will  lead  to 
a  better  utilization  of  the  waste  ])ro(hicts  from  the  mining  industry. 

Of  the  five  general  classes  of  fuel,  namely,  anthracite,  bituminous 
coal,  subbituminous  coal  (also  called  black  lignite),  lignite  (or  brown 
coal),  and  peat,  anthracite  and  bituminous  coals  are  in  most  general 
use  to-day  in  the  United  States,  the  subbituminous  being  used  in  the 
West  to  an  increasing  extent.  Lignite  and  peat  are  at  present 
utilized  only  as  local  fuels  and  in  a  few  regions. 

In  the  western  and  southern  parts  of  the  United  States  there  are 
large  deposits  of  lignite,  which,  as  it  comes  from  the  mine,  is  not 
suitable  for  general  use  as  fuel.     The  high  proportion  of  water  or 

a  Goss,  W.  F.  M.,  Comparative  tests  of  nin-of-mine  and  hriqiietted  ooal  on  loromotives:  Bull.  37,  Bureau 
of  Mines,  .5Spp.,  ^pls.,  3")  lifrs.  (reprint  of  V.  P.  (Jeol.  Survey  Bull.  3(13). 

6  Ray,  W.  T.,  and  Kreisinger,  Henry,  Tests  of  run-of-mine  and  l)riquetted  coal  in  a  locomotive  boiler: 
Bull.  34,  Bureau  of  Mines,  33  pp.,  9  figs,  (reprint  of  U.  S.  Geol.  Survey  Bull.  412.) 

e  Ray,  W.  T.,  and  Kreisinger,  Henry,  Comparative  tests  of  mn-of-mine  and  briquetted  coal  on  the  tor- 
pedo boat  BiddU:    Bull.  33,  Bureau  of  Mines,  50  pp.,  10  figs,  (reprint  of  U.  S.  Creol.  Sur^^ey  Bull.  33). 
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moisture  (in  some  cases  as  high  as  42  per  cent)  decreases  the  heat 
value  of  the  raw  lignite;  the  evaporation  of  the  moisture  causes  lig- 
nite to  crumble  or  slack  when  exposed  to  the  air  for  a  few  days,  and 
to  deteriorate  greatly  during  storage  or  long  transportation.  Lignite 
stored  in  large  piles  is  much  more  liable  to  spontaneous  combus- 
tion than  bituminous  coal.  Lignite  is  noncoking.  As  it  falls  to 
pieces  and  readily  sifts  through  the  grate,  special  furnaces  are 
required  to  burn  the  raw  lignite  properly. 

Because  of  its  inferiority,  lignite  has  not  been  used  extensively  in 
this  country.  It  has  been  used  in  Texas,  North  Dakota,  and  other 
States  to  some  extent  as  a  local  household  fuel,  and  is  rapidly  gain- 
ing favor  as  a  gas-producer  fuel  in  the  State  of  Texas.  In  many 
localities  where  lignite  is  found  in  abundance,  good  bituminous  coal 
commands  a  high  price,  and  for  this  reason  the  briquetting  of  this 
lignite  as  a  means  of  impro^dng  its  heatmg  value  and  making  it  avail- 
able for  a  household  fuel  has  attracted  attention. 

German  lignite  contains  a  higher  percentage  of  water  than  Ameri- 
can lignite  and  most  of  it  is  so  soft  that  it  can  be  cut  with  a  spade. 
Many  lignite  beds  in  Germany  are  filled  with  well-preserved  logs  and 
pieces  of  wood. 

EXTENT    OF    LIGNITE    RESOURCES    IN    UNITED    STATES. 

The  United  States  Geological  Survey  has  estimated  the  supplies 
of  coal  and  lignite  in  the  United  States  as  follows :  "• 


Tonnage 

hy  grades  of  coal  and  accessibility. 
[Short  tons.] 

Area,  in 
square 
mOes. 

Original  supply. 

Easily  accessi- 

Kind of  coal. 

Amount  easily 
accessible. 

Amount  accessible 
with  difficulty. 

ble  coal  still 
available. 

250, 531 
97, 636 
148,609 

1,257,766,000,000 
356,707,000,000 
389,545,000,000 

505, 730, 000, 000 
293,450,000,000 
354,045,000,000 

1 . 247, 672, 000, 000 

Subbituminous 

356,594,000,000 

3S9, 534, 000, 000 

Total 

496,776 

2,004,018,000,000 

1,153,225,000,000 

1,993,800,000,000 

A  recent  estimate  ^  made  by  the  United  States  Geological  Survey 
indicates  that  the  lignite  resources  are  greater  than  given  in  the  earlier 
estimate.     The  later  estimate  follows. 


a  Mineral  Resources,  U.  S.,  1907. 
92012°— Bull.  58—13 2 


b  In  letter  to  author. 


FUEL-BRIQUETTING  INVESTIGATIONS. 
Lignite  deposits  in  the  United  States,  short  tons. 


Area,  in  square  miles. 

Estimated   origi- 
nal lit:nite  siii> 

State. 

Containing 

workable 

beds. 

May  eon- 
tain"  work- 
able beds. 

ply  in  both  easily 
accessible  and  ac- 
cessible with  dif- 
ficulty. 

(") 
100 
8,800 
7,500 

6,000 
5,900 

C) 

fnl 

(") 

90,000,000 

(") 

(«) 

33.130 

365,474,700,000 

North  Dakota 

29,  a30 
2,100 
1,000 
2,000 

(a) 

6,350 
820 
(a). 
53,000 

697,929.400,000 

1,020.300,000 

(«) 

Texas 

-    23,000,000,000 

(o) 

156,390 
1 

1,087.514,400,000 

1  Data  insufficient  on  which  to  base  an  estimate. 

There  are  manj-  deposits  of  lignite  iii  the  Western  and  Southern 
States,  the  most  important  deposits  being  found  in  Texas,  North 
Dakota,  Montana,  and  California.  These  deposits  vary  in  thickness 
from  a  few  inches  up  to  80  feet. 

PRODUCTION    AND   VALUE    OF    LIGNITE    IN    UNITED    STATES. 

The  following  table  gives  the  production  and  value  of  lignite  mined 
in  the  United  States  in  lOlO:** 

Proauction  and  value  of  lignite  in  the  United  States  in  1910. 


state. 


Produc- 
tion. 


Average 

price  per 

ton  at  mine. 


California 

North  Dakota 

Oregon 

Texas 


Tons. 

11,  ir.4 
595, 139 

67,533 
881,232 


SI.  64 

1.49 

3.48 

.87 


BRIQUETTING    OF    LIGNITE    IN    THE    PAST. 

Germany  and  other  European  countries  have  been  briquetting 
lignite  successfully  for  30  years.  The  main  causes  why  this  industry 
has  not  been  developed  in  this  countiy  are:  The  low  ])rice  of  high- 
class  American  fuels  compared  with  the  price  of  similar  fuels  in  foreign 
countries,  and  the  small  demand  for  fuel  in  the  western  ]>art  of  the 
United  States  where  the  larger  deposits  of  lignite  are  found. 

A  series  of  investigations  was  made  with  the  German  machhie  by 
the  Bureau  of  Mines  ^\-ithout  the  use  of  any  artificial  binder.  Those 
lignites  that  were  not  made  into  good  briquets  in  this  series  of  experi- 


a  Compiled  from  data  in  "  Production  of  coal  in  1910,"  from  Mineral  Resources  U.  S.  for  1910,  by  E.  W. 
Parker,  U.  S.  Geol.  Survey. 
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ments  may  possibly  produce  excellent  briquets  iii  a  machine  adapted 
to  working  with  artificial  binders.  Preliminary  tests  with  a  hand 
press  indicate  excellent  possibilities  in  the  use  of  bmders  in  making 
lignite  briquets. 

GERMAN    BRIQUETTING    PRESS. 

The  German  press,  mentioned  above,  is  typical  of  those  used  in 
Germany  for  briquettmg  lignite  without  binders.  It  is  of  the  open- 
mold  type,  and  pressure  is  developed  by  forcing  the  lignite  through  a 
gradually  decreasmg  openmg  or  tube  3  feet  long.  This  press  gives  a 
working  pressure  of  14,000  to  28,000  pounds  per  square  inch.  The 
capacity  of  the  press  is  about  3.8  tons  per  hour,  but  varies  with 
different  lignites  according  to  the  ease  with  which  they  can  be 
briquetted.  The  speed  varies  from  60  to  120  revolutions  per  minute, 
the  latter  figure  being  the  rated  speed  of  the  machine  when  working  on 
German  lignites. 

RESULTS    OF    LIGNITE-BRIQUETTING    TESTS. 

All  lignite  was  shipped  from  the  mines  to  the  ])lant  in  box  cars  to 
eliminate  weathering  while  m  transit.  The  lignite  was  stored  in 
covered  bins  and  for  each  test  3  or  4  tons  was  prepared  for  pressing 
by  being  crushed,  dried,  and  cooled. 

As  a  result  of  the  tests  conducted  by  the  Bureau  of  Mines,  using  the 
German  method  without  bmder,  it  was  found  that  briquets  could  be 
made  of  lignite  from  the  following  localities : 

Texas. — Lytle,  Medma  County.  Satisfactory  briquets  made,  but 
lignite  difficult  to  briquet. 

North  Dakota. — Scranton,  Bowman  C-ounty.  Satisfactory  briquets 
made.  Lehigh,  Stark  County.  Difficult  to  briquet,  but  some  fail- 
briquets  made. 

California. — lone,  Amador  County.  Excellent  briquets  easily 
made. 

Lignites  from  the  following  localities  were  not  briquetted  on  the 
German  press : 

Texas. — ^Rockdale;  sample  insufficient.  Calvert;  no  satisfactory 
briquets  made. 

North  Dakota. — ^'"antlerwalker ;  no  satisfactory  briquets  made. 

After  these  tests,  tests  were  made  with  the  hydraulic  hand  press, 
various  bindei"s  beiag  used.  The  results  indicate  that  certam 
Texas  and  North  Dakota  lignites  can  be  made  into  satisfactory 
briquets  with  the  percentage  of  biader  given  in  the  following  table  as 
the  minimum  required. 
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Minimum  percentage  of  certain  kinds  of  binder  required  with  certain  lignites. 


Sample  from— 

Binder. 

Amount. 

Kind. 

Vanderwalker,  N.  Dak 

Per  cerU. 
8 
3 
8 
6 
3 
8 

Water-gas  pitch. 
Flour.o 

Do 

Do 

Cell  pitoh.o 

Calvert,  Tex 

Water-gas  pitch. 
Flour." 

Do 

Do 

Cell  pitch.o 

"  Briquets  were  not  waterproof. 
INCREASE    OF    HEATING    VALUE. 


The  following  table  shows  how  the  heating  value  of  lignite  is 
increased  by  the  removal  of  moisture  during  briquet tiiig: 

Improvemeru  of  heating  value  of  lignite  by  briqu£tting. 


Moisture. 

Heating  value  per  pound.  . 

Source  of  sain[ilc. 

I'ield  designation. 

In  raw 

lignite. 

In 
briquets. 

Re- 
moved. 

Raw 

lignite. 

Briquets. 

Increase. 

Texas 

Pitti^burph  No.  11. 
PillslMirgh  Xo.  8.. 
Pittsburgh  No.  13. 
Pittsburgh  No.  14. 

Per  cent. 
33.0 
40.0 
42.0 
40.0 

Percent. 
9.0 
12.0 
10.0 
10.0 

Per  cent. 
24.0 
28.0 
32.0 
.30.0 

B.  t.  u. 

6,840 
6,241 
6,079 
6,080 

B.  t.  u. 
9,336 
9,354 
9,355 
9,264 

Per  cent. 
36.0 

North  Dakota 

Do 

50.0 
54.0 

52.4 

Excessive  moisture  in  fuel  not  only  causes  a  waste  of  useful  heat 
during  combustion,  but  also  is  a  source  of  expense  to  the  consumer, 
who  pays  freight  charges  on  useless  water.  In  the  case  of  one  of  the 
North  Dakota  lignites  the  removal  of  32  per  cent  of  moisture  during 
briquettmg  reduces  decidedly  the  cost  of  supplying  a  consumer  vdih 
a  given  number  of  heat  units.  If  the  briquets  possessed  no  other  ad- 
vantage over  raw  lignite  than  their  higher  heating  value,  they  would 
be  worth  50  per  cent  more  than  the  raw  fuel.  The  table  shows  that 
the  average  heatmg  value  of  the  different  lots  of  bricpiets  was  about 
9,300  British  thermal  units  in  each  case,  although  the  heating  values 
of  the  raw  fuel  varied  considerably. 

RESISTANCE    TO    WEATHERING. 

The  results  of  the  weathermg  tests  indicated  that  the  lignite  briquets 
resist  weathering  much  better  than  the  raw  fuel.  Some  briquet 
samples  after  exposure  to  autumn  and  winter  weather  for  four  months 
were  in  nearly  as  good  condition  as  at  fii-st.  Samples  stored  under 
cover  did  not  show  any  signs  of  deterioration  after  six  months, 
although  the  raw  lignite  stored  under  the  same  conditions  disinte- 
gi*ated  in  two  months. 


COMMERCIAL   ASPECTS   OF   BEIQUETTING.  11 

RESISTANCE    TO    HANDLING. 

The  briquets  bear  handling  better  than  the  raw  Hgnite.  Their 
superiority  is,  of  course,  more  striking  after  the  hgnite  and  the 
briquets  made  from  it  have  been  stored  for  several  weeks. 

EFFICIENCY   AS    FUEL. 

Preliminary  results  of  producer-gas  and  steaming  tests  indicate 
that  as  gas-producer  fuel  the  briquets  were  43  per  cent  more  efficient, 
and  as  boiler  fuel  were  14.5  per  cent  more  efficient,  than  the  raw 
lignite. 

WORK    OF    NORTH   DAKOTA    EXPERIMENT    STATION. 

North  Dakota  recently  passed  laws  requhmg  all  its  public  schools 
to  use  lignite  for  heatmg  wherever  possible.  Bj"  act  of  legislature  an 
experimental  plant  has  been  established  at  Hebron  as  a  substation  of 
the  mining-engineering  department  of  the  University  of  North 
Dakota,  and  the  gas-making  and  briquetting  qualities  of  the  lignites 
of  the  State  are  being  investigated  by  Prof.  E.  J.  Babcock.  At 
present  there  is  no  commercial  briquetting  plant  in  North  Dakota, 
although  there  have  been  numerous  promotion  schemes  projected 
from  time  to  time  within  the  State.  Babcock  *  states  that  none  of 
the  various  processes  that  have  been  hitherto  suggested  for  the  treat- 
ment of  North  Dakota  lignite  has  been  adapted  to  the  needs  of  a 
successful  briquetting  industry.  As  a  result  of  his  research  he  beheves 
that  North  Dakota  lignite  can  not  be  made  of  great  commercial  value 
except  in  the  immediate  vicinity  of  the  mines,  unless  it  can  be  raised 
to  a  higher  fuel  value.  To  accompUsh  this  purpose  he  has  developed 
a  method  of  removing  and  saving  the  gas  and  other  by-products  and 
briquetting  the  residue  with  a  coal-tar  pitch  and  a  starchy  material 
as  a  bmder.  Tliis  residue  has  a  high  fuel  value,  but  does  not  coke, 
and  would  therefore  be  worthless  unless  briquetted.  When  bri- 
quetted  it  becomes  nearly  equal  in  heating  value  to  the  average 
anthracite.  The  briquet  is  strong,  stands  shipping  well,  retains  its 
form  while  burning,  and  is  of  such  high  heating  value  that  the  product 
can  be  transported  to  a  considerable  distance  and  marketed  at  a 
profit. 


a  In  correspondence  with  the  author. 
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JTUEL-BRIQUETTING   INVESTIGATIONS. 


COST  OF  BRIQUETTING  LIGNITE. 

The  cost  of  briquet  ting  lignite  should  be  considered  under  two 
heads :  (1 )  Cost  of  briciuet  ting  without  binder  by  the  German  method ; 
and  (2)  cost  of  l)Ti(|U('tting  with  hiii(h'r  on  low-j)ressUre  machines. 

COST  BY  THE  GERMAN  METHOD. 

In  Germany  1^  to  2  tons  of  raw  lignite  is  reqiared  to  make  1  ton  of 
briquets.  Franke  "  gives  figures  on  the  cost  of  briquetting  lignite 
in  a  German  plant  having  two  presses  and  a  capacity  of  120  long 
tons  per  24  hours  or  3,000  tons  per  month.  The  foUowmg  table  was 
taken  from  Franke's  work,  the  German  weights  and  costs  having 
been  converted  mto  American  units  for  easier  comparison: 

Cost  of  briquets  vithout  hinder  in  Germany. 


Item. 


Per  ton 

Monthly.]        of 

briquets. 


1.  Interest  and  depreciation: 

(a)  Interest,  5  percent  on  $1H,0(K) 

(6)  Depreciation— 

10  per  cent  on  866,000,  maoluiicry  and  equipment 

5  per  cent  on  845,000,  building 

2.  Raw  lignite: 

(o)  Lignite  for  1  ton  briquets,  68  bushels,  at  1.05  cents  per  bushel 

(6)  Lignite  for  boiler  fuel,  for  1  ton  briquets,  34  bushels,  at  1.05  cents  per  bushel. 
Total,  102  bushels,  at  1.05  cents,  or  monthly,  3,000X102X1.05  cents 

3.  Labor  for  24  hours  (2  shifts): 

2  engineers,  at  ^l.i  cents $1 .  66 

2  firemen,  at  &.'i  cimts 1. 66 

1  ash  remover,  at  71.4  cents 71 

3  coal  passers,  at  8.3.3  cents 2. 50 

8  drier  fillers,  at  83.3  cents 6. 66 

2  pressmen,  at  83.3  cents 1 .  66 

1  machinist,  at  8;?.3  cents 83 

12  boys  for  loading  and  piling,  at  53.3  cents 6.  40 

31  men,  total  pay  per  day 22. 0SX25 

2  foremen,  1  woighman,  at  $47.60  per  month  each 

4.  Oil,  waste,  and  lighting  material 

5.  Repairs,  maintenance,  etc 


$462. 00 


550. 00 
188.00 


3,215.00 


552.00 
142.80 
176.00 
125.00 


Total. 


.712 
.356 


.231 

.059 
.042 


1.800 


The  cost  of  briquetting  without  binder  by  the  German  method  will 
of  course  vary  to  some  extent  with  the  location  of  the  plant.  The 
fact  that  lignite  is  high  in  moisture  makes  it  imperative  that  the 
plant  should  be  at  the  mme.  In  the  case  of  a  plant  for  briquetting 
bituminous  or  anthracite  coals,  the  plant  may  be  erected  to  better 
advantage  away  from  the  mines  and  near  tlie  point  of  consump- 
tion of  the  briquetted  fuel. 

COST  IN  THE  UNITED  STATES. 

Considering  now^  the  equivalent  briquetting  cost  in  the  Ignited 
States,  using  an  imported  German  machine  and  the  equipment 
necessary,  all  imported,  there  will  have  to  be  added  to  tlie  German 
cost  of  $66,000  for  a  plant  a  duty  of  45  per  cent,  or  $29,700. 


a  Franks,  G.,  Handbuch  der  Brikettbereitung,  vol.  1, 1910,  p.  591. 


COST  OF   BRIQUETTING   LIGKITE. 
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The  cost  of  a  two-press  briquetting  plant,  equipped  with  German 
presses  and  driers,  but  in  which  American  auxiliary  equipment  is 
used,  and  all  housed  in  a  building  of  steel  and  concrete  walls,  should 
not  exceed  $100,000.  Such  a  plant  would  have  a  capacity  of  about 
100  tons  of  briquets  per  day  of  20  hours,  or  2,500  tons  per  month  of 
25  working  days.  With  this  equipment  the  cost  of  production  in 
America  would  be  as  follows: 

Cost  of  briquets  without  binder  in  United  States. 


Item. 


Monthly. 


Per  ton  of 
briquets. 


Interest  and  depreciation: 

(a)  Interest,  5  per  cent  on  $100,000 

(6)  Depreciation — 

10  per  cent  on  $75,000,  machinery  and  equipment 

5  per  cent  on  $25,000,  buildings." 

Raw  lignite: 
(/I)  For  briquetting  1.5  tons  for  1  ton  briquets,  at  $1.50  per  ton 

(b)  Lignite  for  boiler  fuel,  0.5  ton  for  each  ton  briquets,  at  $1.50  per  ton 

Total,  2  tons,  at  $1.50,  or  monthly,  2,500X2X$1.50 

Labor  for  20  hours  (2  shifts): 

2  engineer-pressmen,  at  $3 .$6. 00 

2  firemen,  at  $1.75 3. 50 

2  coal  unloaders,  at  $1.75 3. 50 

2  briquet  loaders,  at  $1.75 3. 50 

2  roustabouts,  at  $1.75 3. 50 

1  machinist,  at  $3 3. 00 


$417.00 


625. 00 
104. 00 


$0. 458 


2.25 
.75 


11  men,  total  pay  per  day 23. 00X25 

1  clerk  or  weighman,  at  $50  per  month 

4.  Oil,  waste,  and  light 

5.  Repairs,  maintenance 


7, 500. 00 


575. 00 
50.00 
100.00 
125.00 


.04 
.05 


Total. 


3.878 


The  cost  of  briquets  made  in  the  United  States,  with  raw  lignite 
at  $1.50  per  ton  at  the  mines,  would  be  about  $3.88  per  ton.  As  2 
tons  of  raw  lignite  is  used,  the  cost  of  the  raw  fuel  is  77  per  cent  of 
the  total  cost. 

Using  the  values  given  on  page  8,  the  price  of  Texas  lignite  at 
the  mine  being  averaged  at  87  cents  per  ton,  the  cost  of  briquets 
would  be: 

2  tons  lignite,  at  87  cents $1.  74 

Briquetting  costs 88 

Total,  per  ton 2.  62 

If  North  Dakota  lignite  were  used,  the  cost  of  briquets  would  be: 

2  tons  lignite,  at  |1.49 $2.  98 

Briquetting  costs 88 

Total,  per  ton 3.  86 

If  California  Ugnite  were  used,  the  cost  of  briquets  would  be: 

2  tons  lignite,  at  $1.64 $3.  28 

Briquetting  costs 88 

Total,  per  ton 4. 16 
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As  the  above  figures  are  based  on  the  vahie  of  the  lignite  at  the 
mine,  the  cost  of  briquets  wouki  be  somewhat  less  if  the  briquetting 
were  done  by  the  operator  of  the  mines,  as  the  raw  material  used 
might  include  slacked  lignite,  which  -would  generally  be  considered 
valueless. 

From  a  comparison  of  the  cost  of  briquets  made  in  Germany  with 
the  cost  of  those  made  in  the  United  States,  it  will  be  noticed  that 
the  briquetting  cost  in  Germany,  exclusive  of  the  raw  fuel  used,  is 
approximately  73  cents  per  ton  of  briquets,  and  in  the  United  States 
it  is  88  cents  per  ton.  This  increased  cost  in  the  United  States  is 
due  to  the  higher  cost  of  labor  and  the  shorter  working  hours  (10 
instead  of  12).  The  cost  would  be  higher  still  in  the  United  States 
if  it  were  not  for  the  greater  efficiency  per  man  and  the  use  of  me- 
chanical handhng  of  materials.  It  will  be  noticed  also  that  the  cost 
of  tlie  raw  lignite  needed  to  produce  1  ton  of  briquets  in  Germany  is 
$1.07,  whereas  in  the  United  States  the  equivalent  ([uantity  costs  $3. 

MARKET  PRICE  OF  BRIQUETS  IN  EUROPE. 

A  consular  rei)ort  of  1907  gave  the  following  figures  of  the  market 
price  of  briquets  in  Europe: 

Market  price  of  briquets  in  Europe. 


Location. 


Dresden,  Saxony . 


Basel,  Switzerland. 

Ilambiirg,     Ger- 
many. 

Glasgow,  Scotland. 


RoiibaLx,  France. . . 
Havre,  France 


( Brown  coal. . 
iDitiiminons. 


(.\ntliracite... 
1  Brown  coal... 
I  Bituminous.. 

Sa.xon  brown 
I    coal. 

Bitiiminons(?) 


Paris,  France. 


Frankfort,     Ger- 
many. 


Stettin,  Germany. 

Kehl,  Germany... 

Rotterdam,     Hol- 
land. 


Kind  of  briquet. 


Bituminous 
....do..... 


.do. 


Size  or  shape 
(inches). 


.\nthracite 

....do 

Bro\\^l  coal 
with  5  per 
cent  coal  tar 
and  asphalt 
earth. 
Bilnminoiis... 
Mixture  of  bi- 
tuminous 
coal,  bro\ni 
coal,  and  tar. 

i  Brown  coal 

\  Bituminous... 

I  Brown  coal 

'i  Bituminous... 

Cliarcoal 

Bituminous... 
Brown  coal.... 


.ibv3bv5.. 


fi  by  4  by  3.i. 


Cubes 

Large  egg... 
Small  egg.. . 

Large 

Perforated . . 

Egg 

Perforated . . 

Solid 

12  by  8  by  6. 

Egg 

7  by  5  by  2.. 


12  by  8  by  0...    About  10 lbs 


Price. 


Weight. 


Wholesale. 


1.5-1.6  Ib.s. 


About  6  lbs. 
About  (U  lbs. 


$1.19-$1.178  per 

l.tXH). 
$3.68-88.80     per 

1,000. 


$4 .87  per  ton. 
$4.04  per  ton. 


S3.2S-$3.52 
ton. 


per 


$5.40  per  ton. 
$5.60  per  ton. 


1  lb $2.90  per  ton. 


6by2bvl....    1.31bs 

6  by  4  by  2J...    About31bs. 


$4  per  ton 

$2.93  per  ton . 


$4.05  per  ton. 
$4. .'52  {)er  ton. 
$!.S5  per  ton. 
$4.. 55  per  ton. 
$6.83  per  ton . 
$5.63  per  ton. 
$4.82  per  ton. 


$0.15-$0.20 

100. 
$0.38-$0.77 

100. 
$9.10  per  ton. 
$7.50  per  ton. 


per 
per 


?4.2.5-$4.38       per 

ton. 
$7.33  per  ton. 
$7.33  per  ton. 
S7.72per  ton. 
$7.53  per  ton. 
$7.91  per  ton. 
$9.65  per  ton. 
$10. so  per  ton. 
$9.26  per  ton. 
$4.60  per  ton. 
$•")  per  ton. 
$;5.25  per  ton. 


S4.40pcr  ton. 


$5.25  per  ton. 
$5.75  per  ton. 

$5.27  per  ton. 
$5.43  per  ton. 


COST   OF   BEIQUETTING   LIGNITE.  15 

Nystrom  «  gives  the  labor  cost  of  briquetting  lignite  for  plants 
with  one  press  as  45.4  cents  per  ton;  two  presses,  40  cents;  three 
presses,  36.4  cents;  four  presses,  31  cents;  five  presses,  27.3  cents; 
and  six  presses,  22.3  cents  per  ton.  He  further  states  that  ''As  the 
wages  in  Canada  are  higher  than  in  Germany  the  cost  of  labor  in 
a  plant  with  one  press  is  assumed  at  60  cents  per  ton."  He  estimates 
the  depreciation  as  5  per  cent  per  year  and  the  maintenance  as  3  per 
cent,  and  the  cost  of  a  complete  plant  with  one  press  and  a  yearly 
capacity  of  13,000  tons  as  $75,000.  His  estimate  of  the  charges  for 
depreciation  and  maintenance  is  8  per  cent  of  $75,000,  or  46  cents  per 
ton.  The  cost  of  labor  and  fixed  charges,  according  to  his  estimate, 
is  $1.06  per  ton. 

In  a  consular  report  ^  the  cost  of  briquetting  lignite  in  Germany 
is  stated  as  follows: 

Cost  of  manufacture  of  lignite  briquets. 


Description. 


United 

States 

currency. 


From  lignite  taken  from  open  workings  under  good  conditions,  with  about  46  per  cent  water: 

In  large  briquet  factories 

In  smaU  briquet  factories 

From  lignite  taken  from  open  workings,  with  more  than  46  per  cent  water  (in  large  factories) . . 
From  lignite  taken  from  deep  workings,  with  about  46  per  cent  water: 

In  large  briquet  factories 

In  small  briquet  factories 

From  lignite  taken  from  deep  workings,  with  more  than  46  per  cent  water  (in  large  factories). 


Bl.  14-81.29 
1.1&-  1.38 
1. 38-  1. 62 

1.31-  1.62 
1.62-  1.74 
1.66-  1.86 


In  the  case  of  materials  containing  15  to  18  per  cent  of  water,  for 
which  a  drying  process  is  not  necessary,  the  cost  of  manufacture  is  con- 
siderably lower.  As  the  cost  of  labor  and  fuel  is  higher  in  the  United 
States  than  it  is  in  Germany,  the  above  figures  are  useful  for  com- 
parison only, 

Schorr ''  gives  costs  for  the  German  hgnite  industry  as  follows : 

The  raw  brown  coal  costs  22  to  31  cents  per  metric  ton  (2,204  pounds)  at  the  works. 
The  fixed  charges,  allowing  7  per  cent  for  depreciation  and  5  per  cent  for  interest  on 
the  total  investment,  amount  to  about  $1.30  per  metric  ton  of  briquets.  The  whole- 
sale price  f.  0.  b.  the  works  ranges  from  $16  to  $23  per  carload  of  10  tons.  The  labor 
item  rarely  exceeds  24  cents  per  metric  ton  in  small  (one  or  two  press)  installations. 
All  other  manufacturing  items,  exclusive  of  fuel  and  fixed  charges,  are  fully  covered 
by  from  8  to  11  cents  per  ton.  In  view  of  the  relatively  small  output  of  these  expen- 
sive presses,  and  in  view  also  of  the  elaborate  character  of  German  briquetting  works, 
the  fixed  charges  (depreciation  and  interest)  are  high.  The  largest  brown  coal  com- 
pany owns  20  briquetting  plants  with  52  presses.  There  are  a  number  of  other  con- 
cerns operating  from  8  to  42  presses.     Only  a  few  factories  employ  less  than  4  machines. 

a  Nystrom,  E.,  Peat  and  lignite;  their  manufacture  and  uses  in  Europe    Bull.  Canada  Dept.  of  Mines, 
Mines  Branch,  1908,  p.  147. 
b  Special  Consular  Report  No.  26,  1903,  p.  107. 
c  Schorr,  Robert,  Lignite  briquetting  in  Germany:  Eng.  and  Miu.  Jour.,  vol.  85, 1908,  pp.  460-461. 
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ESTIMATED    COST   OF   BBIQTJETTING  AMERICAN   FUELS  WITH 

BINDERS. 

The  cost  of  briquetting  fuels  m  the  United  States,  using  a  binding 
material,  varies  accordmg  to  the  kind  of  buiflmg'  material  used  and 
the  locality  in  which  the  briquetting  is  done.  P^or  comparison  of 
this  method  of  briquetting  lignite  with  that  given  in  the  previous 
estimate  where  no. binder  was  used,  the  following  data  may  be  of 
interest : 

Estimated  cost  of  briquetting  American  fuels  when  a  binder  is  used. 


Iiem. 


Per 
month. 


Per  ton 
briquets. 


1.  Fixed  charges: 

(a)  Interest  on  investment,  (>  percent  on  S'.'jjOOO 

lb)  Depreciation— 

10  per  cent  on  SoO.OOO,  machinery 

5  per  cent  on  S25,000  (buildings,  etc) 

2.  Labor: 

2  engineer-pressmen,  at  S.3 $6. 00 

2  firemen,  at  S2 4.00 

2  binder  men,  at  S2 ^ 4. 00 

G  laborers,  at  SI. 75 - 10. 50 

12  men.  total  pay  per  day 24.50X2 

1  clerk  or  weigtier,  at  S50 

3.  Oil,  waste,  and  light 

4.  Repairs,  maintenance,  etc 


S.375.00 


417.00 
104.00 


612.00   \ 


$0. 179 


5.  Binder  6  per  cent  (300  tons,  at  S12). 
Total  briquetting  cost 


50.00 
50.00 
100.00 


3,600.00 


.010 
.020 


.342 
.720 


1.062 


The  above  table  is  based  on  the  following  assumption: 

Capacity  of  plant,  200  tons  per  day  of  20  hours  or  5,000  tons  per  month. 

Plant  operated  2  shifts  of  10  hours  each  per  day. 

Cost  of  plant: 

:Machinery  (American  type) $50, 000.  00 

Building  and  tracks 25, 000.  00 


Total 75, 000.  00 

Cost  of  binder,  per  ton 12.  00 

Cost  of  fuel  used  for  power  to  be  included  in  cost  of  raw  fuel. 

The  cost  of  briquetting  lignite  if  a  binder  bo  used  woidd,  from 
the  above  estimate,  be  approximately  as  follows: 

Cost  of  lignite  briquets  with  binder. 


Locality. 

Value  of 
raw  fuel 
per  ton. 

Tons  of 
raw  lignite 

per  ton 
briquets.a 

Total  cost 
of  raw  fuel. 

Briquet- 
ting cost. 

Cosl  of 
briquets 

per  ton 
at  plant. 

Texas                              

$0.87 
1.49 
1.64 

2              $1.74 
2                2.98 
2                3.28 

$1.06 
1.06 
1.06 

$2.80 

North  Dakota 

4.04 

California 

4.34 

a  Including  fuel  used  for  furnishing  power  as  well  as  that  used  for  making  briquets. 

The  cost  of  briquetting  bituminous,  anthracite,  or  subbituminous 
coals  would  dilior  from  the  above  estimate  for  lignite  only  m  the 


CHARACTERISTICS   OF   BRIQUETS.  It 

(30st  of  binder  required  and  the  cost  of  the  raw  fuel.  In  the  above 
estimate  the  briquetting  cost,  exclusive  of  binder,  was  $0,342.  If  to 
this  figure  be  added  the  cost  of  binder  and  the  cost  of  fuel,  a  fair  esti- 
mate of  the  cost  of  briquetting  any  of  the  thi-ee  fuels  will  be  obtained. 
The  allowance  to  be  made  for  fuel  for  power  and  drying  will  vary 
from  0.25  ton  for  anthracite,  which  is  low  in  moisture  and  does  not 
require  drying,  to  0.5  ton  for  subbitummous  coal,  which  has  consid- 
erable moisture  (as  high  as  20  per  cent). 

The  average  briquetting  cost  at  eight  plants  in  the  United  States 
making  briquets  from  anthracite  dust  or  bituminous  slack,  including 
the  cost  of  binder  but  not  the  fuel  briquetted,  was  $1,454. 

Investigations  have  shown  that  certain  classes  of  lignites  can  be 
briquetted  without  binder.  They  are  superior  to  the  raw  fuel  from 
which  they  were  made,  although  not  equal  to  bituminous  and 
anthracite  coals.  Lignite  briquets  without  binder  do  not  hold  to- 
gether in  the  fire  as  well  as  those  made  with  a  binder,  nor  do  they 
resist  the  effects  of  moisture  as  well.  Briquets  made  without  binder 
supply  much  of  the  household  fuel  in  Germany.  A  plant  making 
lignite  into  briquets  without  binder  is  obviously  not  dependent  on  a 
supply  of  bindmg  material,  which  is  an  important  consideration  for  a 
plant  located  in  an  out-of-the-way  district.  Briquets  resist  weather- 
ing much  better  than  the  raw  lignite,  have  a  higher  heating  value, 
are  uniform  in  size,  permit  regular  firing,  and  can  be  stored  without 
serious  deterioration.  All  lignites  are  not  suitable  for  briquetting 
without  binder  and  therefore  those  requiring  a  binder  to  agglomerate 
them  are  not  considered  in  the  above  comparison. 

It  will  require  further  investigation  to  determine  whether  Texas 
lignite  can  be  briquetted  commercially  without  binder.  The  results 
so  far  obtained  mdicate  that  binder  will  be  required.  North  Dakota 
and  Cahfornia  lignites,  on  the  other  hand,  possess  excellent  briquet- 
tmg  quahties  and  probably  can  be  briquetted  without  bmder  if  a 
market  be  developed  for  tliis  type  of  briquet.  They  can  probably  be 
made  into  better  briquets  by  the  addition  of  a  binder  that  will  make 
them  stronger  and  more  resistant  to  weathering. 

With  the  present  price  of  fuel  in  North  Dakota,  lignite  briquets 
should  there  be  made  to  compete  with  other  fuels,  but  it  is  doubtful 
whether  the  same  may  be  said  of  the  Texas  and  California  fields, 
where  fuel  oil  and  high-grade  coal  are  available. 

CHARACTERISTICS   OF  BRIQUETS. 

COHERENCE. 

Briquets  should  possess  sufficient  coherence  to  withstand  handling 
and  transportation.  In  a  commercial  plant  briquets  must  with- 
stand: (1)  A  drop  from  the  machine  to  some  form  of  conveyor; 
(2^  the  jar  received  while  they  are  on  the  conveyor;  and  (3)  a  drop 
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from  the  conveyor  to  the  pile  of  briquets  already  iii  the  storage  bins 
or  cars.  Fresh  briquets  are  hot  and  soft  and  are  much  more  easily 
broken  than  after  coolinp;  and  air  drying.  Most  modern  plants  are 
arranged  so  that  the  fresh  briquets  do  not  drop  ver}^  far  from  the  press 
to  the  conveyor  belt,  and  in  order  to  cool  them  quickly  an  open-mesh 
metal  conveyor  belt  has  been  found  most  satisfactory,  as  it  permits 
air  to  reach  all  sides  of  the  briquets.  The  openings  in  the  belt  tend 
to  prevent  the  briquets  from  rollmg  as  on  smooth  rubber  or  leather 
belting.  Scraper,  screw,  or  bucket  types  of  conveyors  are  not  satis- 
factory for  handling  fresh  briquets,  as  they  break  the  briquets  and 
do  not  allow  ah  to  come  in  contact  ^\dth  them.  The  drop  from  the 
end  of  the  conveyor  to  the  storage  pile  is  lessened  by  the  use  of  chutes. 

After  cooling  and  hardening  the  briquets  should  be  sufficiently 
strong  to  stand  whatever  transportation  is  necessary  to  deliver  them 
to  the  point  of  consumption  with  a  dust  and  breakage  loss  not  exceed- 
ing 5  per  cent.  The  French  use  a  tumbler  test,  similar  to  that  de- 
scribed on  pages  103  and  104,  to  determuie  the  cohesive  strength  of 
briquets.     The  details  of  the  test  are  as  follows:  * 

One  hundred  briquets,  each  weighing  1.1  pounds  (one-half  kilo- 
gram), are  placed  in  a  cylinder  36.22  inches  in  diameter  and  39.37 
inches  m  length.  The  cylinder  is  divided  into  tliree  compartments 
by  diametrical  partitions  and  revolves  at  a  speed  of  25  revolutions 
per  minute.  After  having  been  charged,  the  cylinder  is  revolved  for 
two  irdnutes.  The  contents  are  then  sifted  upon  a  screen  perforated 
with  holes  1.12  inches  square.  The  part  that  does  not  pass  through 
this  screen  indicates  the  degree  of  cohesive  force,  which,  in  the  case 
of  the  French  Admhalty  tests,  should  reach  52  per  cent,  or  if  the 
fuel  be  mtended  for  torpedo-boat  use,  58  per  cent. 

Briquets  of  any  desired  degree  of  coherence  may  be  made  by  vary- 
ing the  proportion  of  binding  material  and  the  pressure.  An  increase 
of  either  the  binder  or  the  pressure  mcreases  the  cost  of  manufacture. 
Experiments  made  by  W6ry.  of  Paris,''  with  a  Bietrix  machine  may 
be  taken  as  illustrative;  the  results  are  given  below: 

Effect  on  coherence  of  varying  pressure  and  amount  of  binder. 


Pressure  in 
kilograms 
per  square 
centimeter. 

Pressure  in 
pounds  per 
square  inch. 

Pitch  used. 

Cohesion 
obtained. 

130 
190 
270 
130 
190 
250 

1,844 
2,695 
3,831 
1,844 
2,695 
3,547 

Per  cent. 
6 
6 

6 
7 

Per  cent. 
25 
46 
61 
52 
70 
74 

o  Briquets  as  fuel:  Special  Consular  Report  No.  26,  1903,  p.  54. 
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HARDNESS    AND    TOUGHNESS. 

The  briquet  should  be  hard,  but  not  brittle.  It  is  usually  advanta- 
geous, therefore,  to  make  the  briquet  of  the  minimum  hardness  that 
will  suffice  for  the  purpose  in  view.  A  briquet  can  be  made  harder 
by  using  a  binder  with  a  higher  softening  (melting)  point.  A  larger 
percentage  of  the  more  brittle  pitch  is  usually  required. 

The  requirement  of  the  French  Admiralty  is  that  the  briquet 
should  not  soften  at  60°  C.  (140°  F.).  Ordinarily  it  is  sufficient  that 
the  briquet  shall  not  soften  on  the  hottest  day. 

DENSITY. 

It  is  sometimes  specified  that  the  briquet  should  have  a  density  of 
not  less  than  1.19.  Perhaps  a  better  standard  would  require  the 
briquet  to  about  equal  in  density  the  lump  coal  from  wliich  the  slack 
is  derived,  this  ranguig  from  1.1  to  1.4.  The  density  is  increased  by 
pressure. 

SIZE  AND  SHAPE. 

The  convenience  of  a  briquet  for  a  given  purpose,  and  hence  the  ex- 
tent of  its  use,  ^^dll  depend  largely  on  its  size  and  shape.  Heavy 
rectangular  blocks  allow  a  large  output  for  the  investment  and  are 
consequently  cheaper  to  manufacture,  and  more  convenient  to  store. 
The  French  naval  estimates  show  that  10  per  cent  more  (by  weight) 
of  briquets  can  be  stored  in  a  given  space  than  of  lump  coal,  and  the 
British  Admiralty  reports  show  a  gain  of  as  high  as  20  per  cent.  The 
large  rectangular  briquets  have  the  disadvantage  of  large  smooth 
surfaces  and  are  usually  broken  when  fed  into  furnaces.  To  facilitate 
the  breaking  they  are  pressed  wdth  grooves  or  perforations.  This 
gives  better  air  circulation  but  decreases  the  output  and  the  com- 
pactness of  storage. 

Prismatic  briquets  with  rounded  edges  are  the  most  popular 
abroad.  Either  these  or  ovoid  shapes  weighing  less  than  2  pounds 
are  preferred  for  domestic  use.  The  rounded  edges  cause  much  less 
dust  and  breakage  on  handling  and  insure  good  circulation  of  air 
and  thorough  combustion,  but  the  briquets  do  not  pack  closely  when 
stored  and  are  somewhat  harder  to  ignite. 

WEATHERING. 

The  briquet  should  stand  long  exposure  to  the  weather  with  little 
deterioration.  A  dense  briquet  vnW  stand  the  weather  better  than 
a  porous  one.  Briquets  are  liable  to  crack  in  the  process  of  manu- 
facture if  they  lack  the  proper  proportion  of  binder,  have  been 
improperly  mixed,  are  pressed  too  wet,  or  are  insufficiently  pressed. 
If  the  coal  be  finely  ground,  the  briquets  assume  a  more  dense  and 
polished  surface,  and  are  therefore  more  resistant  to  the  weather. 
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Cracks  allow  the  entrance  of  moisture  and  cause  a  rapid  deterioration 
of  the  briquets  on  exposure  to  the  weather.  Lignite  briquets  do  not 
stand  long  exposure  to  the  weather  as  successfully  as  other  briquets. 
The  bmder  used  must  be  insoluble  in  water.  The  great  obstacle 
to  the  successful  use  of  starch,  molasses,  and  sulpliitc-liquor  residues 
as  binders  is  their  solubility,  the  cost  of  rendermg  the  briquets  water- 
proof being  usually  proliibitive.  It  is  possible  that  in  certain  dry 
parts  of  the  West  the  waterproofing  of  the  briquets  could  be  dis- 
pensed with  altogether  during  the  dry  season,  and  to  a  considerable 
extent  during  the  rainy  season  if  the  briquets  were  kept  under  cover. 
With  pitches,  tars,  etc.,  a  slightly  increased  percentage  of  binder  is 
necessary  in  briquets  that  are  to  stand  long  exposure  to  the  weather. 

ABSORPTION. 

The  briquets  should  not  absorb  more  than  about  'A  per  cent  of 
naoisture.  The  proportion  of  moisture  absorbed  is  increased  when 
either  the  original  fuel  or  the  briquet  is  porous,  or  when  the  binder 
used  has  a  tendency  to  be  hydroscopic. 

BURNING  QUALITIES. 
READINESS    OF    IGNITION. 

The  ease  with  which  a  briquet  will  ignite  depends  largely  on  the 
fuel  used,  but  can  be  regulated  to  some  extent.  Large  briquets  ignite 
less  readily  than  small  ones.  Sharp  edges  are  an  aid  to  ignition,  but 
this  advantage  is  not  so  great  as  to  overcome  the  general  preference 
for  the  prismatic  and  egg-shaped  briquets.  Briquets  made  from  fine 
slack  ignite  less  readily  than  those  from  coarser  slack.  A  dense 
briquet  is  also  more  difficult  to  ignite.  The  use  of  an  morganic 
substance,  such  as  clay  or  magnesia,  as  a  binder,  or  as  a  constituent 
of  the  bmder,  tends  to  make  the  briquets  ignite  less  readily.  In- 
crease of  inorganic  material,  that  is,  ash,  in  the  slack  coal  used  pro- 
duces the  same  result. 

KIM)    DP    FLAME. 

The  bri({uets  should  bum  with  a  clear,  intense  flame  and  with 
little  odor  oi-  smoke.  The  flame  pro(hiced,  as  well  as  the  smoke 
given  off,  will  ilepend  largely  on  the  quaht}'^  of  the  coal  used  and  on 
the  completeness  of  the  combustion.  The  completeness  of  combus- 
tion can  be  regulated  to  some  extent  in  the  manufacture  of  briquets 
by  making  them  of  such  a  shape  as  to  insure  a  good  circulation  of 
air  and  by  the  choice  of  a  suitable  binder.  The  smoke  does  not 
depend  on  the  total  amount  of  volatile  matter  in  the  briquets,  but 
only  on  that  part  of  the  volatile  matter  that  escapes  before  it  is 
heated  to  the  kiadling  temperature.     The  biader  should  not  vola- 
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tilize  before  the  temperature  is  suffi<:"iently  high  to  insure  complete 
combustion  of  the  gases  formed. 

Inorganic  binders  produce  no  smoke.  Such  organic  binders  as 
starch,  molasses,  or  sulphite-licpor  residues  likewise  do  not  volatilize 
until  decomposed,  and  hence  do  not  smoke,  or  smoke  only  little- 
Pitches,  tars,  and  petroleum  residues,  when  used  as  binders,  volatil- 
ize, and  will  cause  smoke  and  possibly  odor  if  the  gases  formed  are 
not  completely  burned.  The  regular  shape  of  the  briquets  allows  a 
better  regulated  air  supply  and  enables  a  more  complete  combustion 
than  does  lump  coal.  This  reduction  of  the  smoke  nuisance  is  one 
of  the  advantages  to  be  derived  from  briquets. 

RETENTION    OF    SHAPE. 

Stability  of  form  is  important  and  depends  on  the  properties  of 
both  the  coal  and  the  binder.  The  binder  must  hold  the  coal  par- 
ticles together  until  they  are  sufficiently  softened  to  cohere.  Some 
bituminous  coals  cake  readily  at  a  low  temperature.  Semianthracite 
coals  follow  next  in  order,  and  then  anthracite  coals.  Some  of  the 
very  hard  anthi-acite  coals  with  only  a  small  proportion  of  volatile 
matter  have  little  tendency  to  cake.  Lignites  as  a  class  do  not  cake' 
readily.  Those  from  Oklahoma  or  New  Mexico  will  cake  sufficiently 
at  a  rather  high  temperature  to  hold  together.  Some  California, 
Texas,  and  North  Dakota  lignites  show  practically  no  tendency  to 
soften  or  cake  at  any  temperature.  With  such  lignites  it  is  extremely 
difficult  to  make  a  briquet  that  will  retain  its  shape  in  the  fire. 
Briquets  for  domestic  use  can  be  made  from  such  lignites.  These 
briquets,  with  the  use  of  a  suitable  grate,  might  be  used  in  a 
variety  of  manufacturing  operations.  As  a  locomotive  fuel  they 
would  be  less  suitable. 

With  a  readily  caking  coal,  a  binder  that  volatilizes  at  a  compara- 
tively low  temperature  may  be  used.  With  coals  that  cake  at  higher 
temperatures  a  less  volatile  binder  must  be  used.  With  a  lignite 
that  does  not  cake,  the  only  binder  that  will  enable  the  briquets  to 
retain  their  shape  until  completely  consumed  is  an  inorganic  binder 
that  does  not  volatilize,  unless  sufficient  organic  binder  be  added  to 
practically  coke  the  briquets.  With  such  lignites,  organic  binders 
that  do  not  volatilize,  such  as  starch,  molasses,  and  sulphite-liquor 
residues,  give  results  that  are  fairly  satisfactory.  The  briquets  retain 
their  shape  until  the  binder  is  itself  de(iomposed.  As  the  morganic 
binders  add  ash  and  as  the  other  nonvolatile  binders  mentioned  are 
not  waterproof,  it  may  be  possible  to  mix  a  noncaking  coal  with  a 
sufficient  proportion  of  caking  coal.  Then  with  a  suitable  binder  the 
briquets  will  retain  their  coherence  in  the  fu-e  by  the  softening  of  the 
caking  coal  used. 
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PERCENTAGE    OF    ASH. 

The  proportion  of  ash  left  when  the  briquets  are  burned  is  the 
sum  of  that  CH)ntaine(l  ui  the  shick  and  in  the  binder  used.  In  some 
foreign  countries  only  6  per  cent  of  ash  is  permitted  under  many  of  the 
contracts  for  briquets.  When  the  ash  content  of  the  slack  exceeds  6 
per  cent  the  briquet  may  be  improved  by  washing  the  slack  coal  before 
bfiquettiag.  This  saves  freight  on  an  incombustible  material,  saves 
binder,  and  gives  in  every  way  a  better  and  more  con<'entrated  fuel. 

EVAPORATION  RESULTS. 

The  theoretical  heating  value  of  a  bric[uet  is  the  sum  of  the  heating 
units  of  the  coal  and  of  the  binder.  Oi-ganic  binders  usually  equal  or 
exceed  in  heating  value,  weight  for  weight,  the  slack  coal  used.  They 
increase  the  total  heat  in  a  given  weight  of  fuel,  but  owing  to  the 
small  percentage  of  binder  added,  this  increase  is  slight.  But  the 
briquets  have  the  advantage  over  the  coal  in  that  they  burn  ^vith 
less  waste  and  permit  easy  regulation  and  more  complete  combus- 
tion. The  evaporation  results  should  at  least  ec^ual  those  of  the  best 
lump  coal  from  the  screenings  and  dust  of  which  the  briquets  are 
made.  In  many  cases  the  efficiency  of  the  fuel  may  be  increased 
10  to  15  per  cent  by  bricpietting,  when  special  furnaces  are  not  pro- 
vided for  burning  the  fuel  in  its  natural  condition. 

EQUIPMENT   OF  BRIQUETTING  PLANTS. 

ST.  LOUIS    PLANT. 

The  briquetting  plant  erected  at  St.  Louis  in  1904  had  two  machines 
of  distinctly  different  tA^^es,  one  of  English  and  one  of  American 
manufacture.  The  English  machine  is  one  of  the  standard  type  for 
briquetting  with  stiff"  pitch,  and  consists  of  a  double-compression, 
vertical-table  ])ress,  with  closed  molds,  and  accessories.  It  was 
operatetl  by  a  ."jO-hoi-sepower  Westinghouse  motor. 

The  American  machine  was  constructed  on  Belgian  patterns,  being 
what  is  ordinarily  known  as  the  cggette,  or  Belgian,  type  of  press. 
It,  too,  was  operated  by  a  50-horsepower  Westinghouse  motor. 

ENGLISH    MACHINE. 

The-  English  machine  as  installed  at  St.  Louis  is  illustrated  in 
Plate  I,  A,  which  is  a  general  view  of  the  machine. 

The  coal  was  delivered  to  the  feeding  platform  of  the  English  ma- 
chine by  a  Robins  inclined  belt  conveyor.  It  was  then  shoveled  to  a 
coal-feeding  worm  thi'ough  a  hole  in  the  floor.  The  i)itch  that  was 
used  as  a  binder  was  first  reduced  to  suitable  lum})s  and  fed  into  the 
pitch  cracker,  where  it  was  broken  to  i-inch  size  and  dropped  upon 
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a  smaller  worm;  this  iii  turn  delivered  it  to  the  coal  in  the  larger 
worm.  The  smaller  worm  was  driven  by  sprockets  from  the  larger 
one,  and  the  percentage  of  pitch  that  was  added  to  the  coal  could  be 
varied  by  changing  the  wheels. 

Although  this  arrangement  gave  good  results  when  the  same  coal 
and  binder  were  used,  it  was  not  sufficiently  flexible  to  be  adapted 
to  the  various  coals  and  binders  that  were  used  in  the  experimental 
work.  For  most  of  the  experiments,  the  crushed  coal  and  cracked 
binder  were  weighed  and  mixed  by  hand.  The  mixed  coal  and 
binder  were  then  fed  to  the  larger  worm  through  the  hole  in  the 
floor. 

After  a  slight  mixing  in  the  larger  worm  the  material  entered  an 
impact  dismtegrator,  in  which  it  was  reduced  to  the  desired  fineness. 
The  speed  of  the  disintegrator  was  varied  according  to  the  character 
of  the  coal.  From  the  disintegrator  the  material  was  elevated  to  a 
pug  mill  in  which  the  binder  was  softened  by  live  steam.  As  there 
was  no  superheater,  the  range  of  temperature  in  which  the  binder 
could  be  softened  was  limited.  Again,  live  steam  is  apt  to  be 
wet,  and  was  therefore  often  a  detriment  to  the  production  of  suc- 
cessful briquets.  A  Foster  superheater  that  was  afterwards  installed 
overcame  these  difficulties  almost  entirely. 

From  the  pug  mill  the  plastic  mixture  fell  by  gravity  to  the  press 
feed  box,  from  which  it  was  forced  by  a  plunger  into  brass-lined 
molds  on  a  vertical  revolving  table.  After  a  half  revolution  of  the 
table,  the  mass  in  the  mold  was  pressed  by  a  system  of  compound 
levers  at  a  pressure  of  2  tons  per  square  inch.  The  pressure,  how- 
ever, could  be  varied  from  a  few  pounds  to  4,000  pounds  per  square 
inch. 

After  another  quarter  revolution,  by  means  of  a  plunger,  the 
briquets  were  forced  out  of  the  molds  to  a  slide  or  table  set  at  a 
height  convenient  for  stacking  on  trucks.  The  briquets  were  taken 
from  the  table  by  hand  as  soon  as  they  were  discharged  from  the 
press  and  stacked  on  a  platform  just  outside  the  building.  The  bri- 
quets were  rectangular  (6  by  5  by  4  inches)  except  for  rounded  cor- 
ners, and  weighed  on  the  average  6.8  pounds  each.  The  maximum 
capacity  of  this  press  was  6  tons  of  briquets  per  hour. 

To  obtain  a  briquet  that  would  more  nearly  fulfill  the  requirements 
of  domestic  use  and  of  stationary  and  locomotive  boiler  practice,  the 
thickness  of  the  briquet  was  reduced  to  2^  inches,  the  other  dimen- 
sions remaining  the  same.  By  adjusting  the  machine  for  this  change 
it  was  possible  to  make  satisfactory  briquets,  weighing  about  3|, 
pounds,  at  the  rate  of  about  4  tons  per  hour. 

This  machine  was  adapted  only  to  those  binders  that  did  not  become 
plastic  before  reaching  the  pug  mill.  With  inorganic  binders  or 
binders  made  of  a  number  of  different  materials,  it  was  found  neces- 
92012°~Bull.  58—13 3 
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sary  to  weigh  and  thoroughly  mix  the  coal  wath  these  binders  before 
feeding  the  materials  to  the  machine.  This  practice  assured  a  defi- 
nite percentage  of  binding  material  to  the  quantity  of  coal  taken. 

In  order  to  obtain  a  greater  range  in  the  size  of  the  crushed  fuel  for 
the  briquets,  in  1905  a  series  of  pulleys  was  installed  on  the  driving  and 
driven  shafts  operating  the  disintegrator,  giving  approximately  80, 
65,  and  50  per  cent  of  its  original  speed.  By  these  improvements 
easier  and  more  continuous  operation  was  obtained. 

A  fire  occurred  in  the  latter  part  of  1905  and  destroyed  the  briquet- 
ting  ])lant  and  all  samples  of  briquets  and  fuels  stored  in  it.  The  Eng- 
lish machine,  however,  was  not  seriously  damaged  by  the  fire,  but  in 
repairing  it  considerable  care  was  taken  to  strengthen  certain  parts,  to 
])rovide  better  lubrication  and  alignment,  and  to  replace  the  tight  and 
loose  pulleys  vrith.  friction  clutches.  The  new  plant  was  first  operated 
in  May,  1906,  and  as  a  result  of  previous  experience  it  contained  some 
improvements  in  the  methods  of  crushing,  mixing,  and  conveying  the 
fuel,  and  of  preparing  the  fuel  and  binder  before  briquetting.  The 
new  auxihary  equipment  for  the  two  machines  was  not  materially 
different  from  that  origmally  belonging  to  the  English  machine. 

The  foundation  of  the  Stedman  disintegrator  was  built  up  level 
with  the  floor  so  as  to  be  more  accessible.  A  40-ton  storage  bin  was 
built  above  the  charging  floor  to  allow  coal  to  run  by  gra-sdty  into  the 
hopper  scales  placed  on  this  floor.  A  pitch  cracker  was  so  placed 
beside  the  scales  that  pitch  from  it  and  coal  from  the  scales  could  pass 
uniformly  to  a  mixing  conveyor  directly  under  the  charging  floor  and 
be  discharged  into  the  disintegrator  on  the  floor  below. 

AMERICAN    MACHINE. 

In  operating  the  American  plant  the  coal  was  received  from  the 
Robins  conveyor  at  the  level  of  the  second  floor  in  a  3-ton  bin.  The 
coal  was  draAvn  from  the  bm  to  a  Fairbanks  platform  scales,  from 
which  it  ])assed  into  the  boot  of  an  elevator,  from  which  it  was  deUv- 
ered  into  a  154  cubic  foot  measuring  box. 

The  coal  was  then  dum])ed  into  a  Buft'alo  mixer,  fitted  with  steam 
jackets.  The  binder  was  melted  in  a  small  steam-jacketed  tank  that 
was  entirely  distinct  from  the  main  part  of  the  machine.  From  the 
tank  it  was  dip])ed  by  hand  m  the  desired  proportion  and  poured  mto 
tlie  mixer.  After  a  thorough  mixmg  the  mass  was  dropped  into  the 
feed  slides  of  a  tangential  press.  This  press  consisted  of  two  pairs  of 
narrow-faced  roUs  (A,  PI.  II,  A  and  B),  in  the  tires  of  which  were 
ovoid  cup-shaped  molds.  As  these  roUs  revolved,  the  excess  material 
was  squeezed  out,  the  pressure  used  depending  upon  the  viscosity  of 
the  mixture  that  was  being  compressed.  The  5-ounce  eggettes  were 
delivered  from  under  the  press  to  a  short  rubber  belt  (B,  PI.  II,  B). 
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J.     AMERICAN   BRIQUETTING   MACHINE  AT  ST.  LOUIS. 


if.     AMERICAN   BRIQUETTING   MACHINE  AT  WORK. 
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The  capacity  of  the  press  was  5  tons  per  hour,  but  the  output  of  the 
mixing  device  was  much  too  small  for  operating  the  press  at  this 
capacity.  The  press  had  one  advantage  over  the  larger  EngUsh  plant, 
inasmuch  as  it  permitted  the  testing  of  mixtures  in  lots  as  small  as  15 
pounds,  these  small  quantities  being  thrown  directly  into  the  feed 
hopper  of  the  press.  In  making  the  small  tests  and  those  in  which  it 
was  desired  to  use  a  stiff  binder,  a  35-gallon  kettle  was  employed  for 
heating  the  mixture.  It  was  also  possible  to  test  on  the  American  ma- 
chine the  mixtures  used  in  the  English  machine  by  crushing  some 
of  the  hot  briquets  as  soon  as  they  were  received  from  the  molds  and 
transferring  them  at  once  to  the  feed  box  of  the  American  machine. 

RENFROW    NO.    1    MACHINE. 

In  rebuilding  the  plant  at  St.  Louis  after  the  fire,  an  experimental 
briquetting  machine  of  the  plunger  type,  known  as  the  Renfrow  No. 
1  machine  (PI.  Ill),  was  installed.  The  main  difference  between  it 
and  the  English  machine  was  that  the  Renfrow  machine  made  briquets 
at  each  end  of  the  stroke  of  the  plunger.  By  this  design  the  briquets 
were  kept  under  compression  in  the  dies  twice  as  long  for  the  same 
output  as  they  were  in  machines  of  the  English  type.  The  same 
length  of  time  for  compression  being  assumed,  however,  and  other 
conditions  being  equal,  the  Renfrow  machine  had  double  the  output 
of  other  plunger-type  machines.  The  period  of  compression  was 
determined  by  experience  and  fixed  the  speed  of  the  machine.  The 
longer  the  pressure  remained  on  the  warm  charge  the  greater  the 
cohesion  and  the  better  the  briquet. 

Twelve  briquets  were  made  on  the  Renfrow  machine  at  each  end 
of  the  stroke,  or  24  in  each  revolution.  At  12  revolutions  per  minute 
the  output  was  4  tons  per  hour.  The  pressure  obtainable  under  ordi- 
nary working  conditions  never  exceeded  1,000  pounds  per  square 
inch,  whereas  a  pressure  of  2,000  to  2,500  pounds  per  square  inch  is 
considered  necessary  to  make  satisfactory  briquets.  For  tliis  reason 
it  was  found  necessary  to  use  a  softer  pitch  and  a  greater  percentage 
of  binder  than  on  the  English  machine.  The  fault  was  somewhat 
obviated  by  heating  with  steam  injected  directly  into  the  mixture. 

A  bucket  elevator  and  a  divided  chute  provided  with  a  gate  served 
to  convey  the  fuel  from  the  disintegrator  either  to  the  agglomerating 
cylinder  of  the  English  machine  or  to  the  storage  bin  above  and 
directly  behind  the  Renfrow  machine.  This  bin  contained  an  agi- 
tator to  prevent  the  fine  fuel  from  packing.  The  fuel  was  carried 
from  the  bin  to  the  hoppers  of  the  Renfrow  machine  by  belt  conveyors. 
Provision  was  made  for  the  use  of  either  liquid  or  hard  pitch  as  a 
binder  for  briquets  made  on  the  Renfrow  machine.  During  the  hot 
weather  considerable  difficulty  was  experienced  in  conveying  the 
finely  divided  and  thoroughly  mixed  coal  and  pitch  from  the  dis- 
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integrator  to  the  Renfrow  machine.  This  difficulty  was  obviated 
by  introducing  the  melted  hard  pitch  into  the  coal  as  it  entered  the 
hoppers  of  the  machine,  care  being  taken  to  keep  uniform  the  tem- 
perature and  rate  of  flow  of  the  pitch- 

The  necessity  of  maintaining  a  comparatively  large  force  of  labor- 
ers about  the  plant  for  careful  handling  of  samples,  both  in  the  raw 
and  briquetted  form,  justified  the  use  of  more  labor  in  the  actual 
briquetting  operations  than  would  be  found  in  a  commercial  plant. 
The  thorough  cleaning  of  all  conveyors,  bins,  and  auxiliary  apparatus 
before  briquetting  each  sample  was  of  as  much  importance  for  com- 
parative results  as  the  actual  briquetting  of  the  fuel;  consequentlj'^ 
no  attempt  was  made  to  develop  mechanical  means  for  doing  this 
work. 

The  briquets  made  by  the  Renfrow  No.  1  machine  were  biscuit 
shaped,  being  short  cylinders  about  3  inches  in  diameter  with  convex 
ends.  Their  extreme  length  varied  from  1^  to  3  inches  accorchng 
to  the  fuel.  The  average  weight  of  the  briquet  made  by  this  macliine 
was  8  ounces.  At  the  close  of  the  tests  at  St.  Louis,  in  March,  1907, 
the  machine  was  returned  to  its  owner. 

HAND    PRESS. 

The  experimental  laboratory  contained  a  small  hand  press  designed 
for  a  pressure  varying  from  0  to  5,000  pounds  per  square  inch.  The 
briquets  were  cylindrical,  one-half  inch  in  diameter,  and  could  be 
made  of  any  length  from  one-fourth  inch  to  IJ  inches.  The  results 
obtained  on  this  hand  press  were  verified  by  the  briquets  made  on 
the  large  macliines,  the  formulas  for  the  mixtures  having  been  derived 
from  experiments  made  with  the  small  press.  This  press  should  not 
be  confused  with  the  hydraulic  hand  press  used  in  experiments  at 
Pittsburgh,  described  on  page  34. 

NORFOLK  PLANT. 
GENERAL   DESCRIPTION. 

The  equipment  of  the  United  States  Geological  Survey  briquetting 
plant  at  Norfolk  comprised  three  briquetting  macliines;  heating  and 
mixing  apparatus;  storage  bins  for  the  raw  fuel;  cnishei-s,  grinder, 
and  disintegrator  for  reducing  the  fuel  to  the  desired  fiineness;  ma- 
chines for  crushing  or  "cracking"  pitch;  scales;  and  the  necessary 
elevators  and  conveyors.  Most  of  the  equipment  had  been  used 
for  varying  periods  at  the  St.  Louis  plant,  but  of  the  three  machines 
installed  the  English  machine  was  the  only  one  that  had  been  used 
at  the  St.  Louis  plant.  The  machines  were  (a)  the  English  or 
Johnson  press;  (h)  the  Renfrow  No.  2  machine;  and  (c)  a  SchHck- 
eysen  peat  machine. 
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The  general  plan  of  the  plant  is  shown  in  Plate  IV.  There  were 
two  25-ton  storage  bins  behind  the  English  machine  and  one  50-ton 
bin  behind  the  Renfrow  No.  2  machine.  The  fuel  was  delivered 
from  the  pit  at  the  car  track  by  a  bucket  elevator  and  a  16-inch 
belt  conveyor  to  the  storage  bins. 

Under  the  coal-storage  bins  and  behind  ,the  briquetting  presses 
was  the  ''pitch-mixing  platform."  On  this  platform  were  scales, 
to  wliich  coal  could  be  drawn  from  the  storage  bins  and  weighed. 
Back  of  the  English  machine  were  other  scales  to  weigh  the  pitch 
used  as  a  binder.  The  Renfrow  No.  2  machine  had  an  adjustable 
mechanical  device  for  keeping  the  ratio  of  pitch  to  coal  constant, 
so  that  it  was  not  necessary  to  weigh  the  pitch  used  with  this  machine. 
A  30-inch  Jeffrey  belt  conveyor  33  feet  long  (Pis.  IV,  V,  A)  carried  the 
briquets  from  the  front  of  the  machines  to  the  outside  of  the  build- 
ing, and  a  24-inch  Robbins  belt  conveyor  65  feet  long  (Pis.  IV,  V,^) 
carried  the  briquets  from  the  first  conveyor  and  loaded  them  into  the 
railroad  cars.     Plate  V,  B,  shows  the  delivery  end  of  this  conveyor. 

ENGLISH    MACHINE. 

The  English  machine  was  the  same  that  was  erected  and  used  at 
the  St.  Louis  plant  at  the  time  of  the  Louisiana  Purchase  Exposi- 
tion. This  machine  is  described  on  pages  22  to  24  of  this  report.  As 
installed  at  Norfolk,  the  capacity  of  this  press  was  3.8  tons  per  hour. 

The  position  of  the  English  machine  with  reference  to  the  Renfrow 
No.  2  machine  and  the  coal-grinding  equipment  at  the  Norfolk  plant 
is  shown  in  Plate  IV.  Plate  VI  gives  further  details  of  arrangement 
and  equipment. 

The  scales  back  of  the  Enghsh  machine  (Pis,  VI,  VII,  A)  were 
placed  about  6  inches  above  the  floor  to  allow  room  for  a  square 
wooden  plunger  sheathed  with  sheet  iron  (D,  PL  VI)  to  push  the 
weighed  fuel  into  a  hole  in  the  floor  in  front. 

Beneath  the  floor  was  a  horizontal  worm  conveyor  (E,  PL  VI) 
to  carry  the  fuel  and  pitch  from  the  scales  to  a  chute  leading  to 
the  Stedman  disintegrator  (F,  PL  VI  and  PL  VII,  5).  Suspended 
in  this  chute  was  a  powerful  electromagnet  intended  to  pick  up  any 
pieces  of  iron  or  steel  that  might  be  in  the  stream  of  material,  and 
to  prevent  them  from  causing  damage  to  the  disintegrator  or  the  press. 
The  two  sets  of  hammers  in  the  disintegrator  revolved  in  opposite 
directions  at  790  revolutions  per  minute.  This  disintegrator  stood 
on  a  concrete  foundation,  and  its  base  was  2  feet  above  ground  level. 

In  front  of  the  disintegrator  a  pit  5  feet  deep,  3^  feet  wide,  and 
5  feet  long,  walled  in  and  floored  with  concrete,  was  provided  for 
the  boot  of  a  bucket  elevator  (H,  PL  VI).  The  elevator  lifted  the 
ground  fuel  and  pitch  to  a  point  above  and  back  of  the  briquetting 
machine,    whence   a   covered   wooden   chute   lined   with  sheet   iron 
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(I,  PI.  VI)  led   to  the   upper   mixing   cylinder  (J,   PI.  VI)  of   the 
machine  (Q,  PI.  VI). 

At  the  base  of  the  upper  mixing  cylinder  steam  could  be  admitted 
through  several  openings.  Water  was  supplied  at  the  top  of  this 
cylinder  when  required.  Below  the  mixing  cylinder  was  the  feedmg 
cylinder  (K,  PI.  VI)  of  the  briquetting  press.  i 

To  conduct  a  briqucttmg  test  on  the  English  machine,  coal  was! 
drawn  from  one  of  the  storage  bins,  weighed,  and  mixed  with  binder. 

After  the  fuel  and  the  binder  had  been  thoroughly  mixed  and 
properly  heated  the  mass  became  more  or  less  plastic,  according  to 
its  briquetting  qualities,  and  was  drawn  into  the  feed  box  through 
a  door  in  the  lower  part  of  the  cylinder.  From  the  feed  box  the 
mixture  was  forced  by  a  plunger  into  the  molds  in  the  vertical  revolv- 
ing table  of  the  press.  The  plunger  speed  was  17  strokes  per  minute, 
1  stroke  for  each  revolution.  At  half  a  revolution  the  mass  in  the 
mold  was  pressed  by  a  system  of  levers  from  each  end,  the  maximum 
pressure  being  about  4,000  pounds  per  square  inch.  Two  briquets 
were  formed  at  each  stroke,  or  34  briquets  per  minute. 

The  finished  briquets  were  removed  from  the  machine  by  hand  and 
either  stacked  near  the  machine  or  placed  on  the  conveyor  in  front 
of  the  Renfrew  No.  2  machine  and  by  it  loaded  directly  into  a  car. 
They  were  rectangular,  with  rounded  corners,  6J  inches  long,  4J 
inches  wide,  and  2^  inches  thick.  Their  average  weight  was  about 
3|  pounds.  The  maximum  capacity  of  the  machine  was  about  30 
tons  per  8-hour  day. 

RENFROW    NO.    2    MACHINE. 

The  Renfrow  No.  2  machine  installed  at  Norfolk  was  an  improve- 
ment over  the  No.  1  machine,  as  defects  of  the  first  macldne,  brought 
out  by  the  tests,  were  corrected.  The  new  machme  had  a  stronger 
frame  to  permit  the  use  of  heavier  pressure.  The  working  parts  not 
subjected  to  pressure  were  of  bronze  to  prevent  corrosion;  the  dies, 
cams,  and  rollers  were  of  tool  steel.  Provision  was  made  in  the 
design  of  the  housing  for  the  removal  of  any  working  part  without 
dismantling  the  machine,  and  the  arrangement  of  the  die  plunger 
and  the  length  of  spring  behind  the  plunger  were  such  as  to  reduce 
to  a  minimum  the  chance  of  a  double  charge  entering  the  press  and 
to  prevent  damage  to  the  machme  if  one  did  enter. 

The  Renfrow  No.  2  briquets  were  cylindrical,  with  convex  ends. 
They  measured  3}  by  U  inches  and  weighed  11  ounces.  This 
machine  was  a  closed-mold  double-actmg  plunger  machine,  formmg  12 
briquets  at  the  end  of  each  stroke,  or  24  at  each  revolution.  Running 
at  9  revolutions,  or  18  strokes  per  minute,  the  capacity  of  the  machine 
was  about  8.9  tons  per  hour. 
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PLAN    OF    BRIQUET    EQUIPMENT    AT    NORFOLK    FUEL-TESTING    PLANT. 
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^■i.     PLANT   END  OF  CAR-LOADING  CONVEYOR,   SHOWING   END  OF  CROSS  CONVEYOR. 


B.     CAR-LOADING   CONVEYOR    FILLING   CAR   WITH    BRIQUETS. 
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A.     HOPPER  AND   SCALES   BACK   0-    ENGLISH    fvlACHINE. 


B.     STEDMAN   DISINTEGRATOR. 
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The  location  of  the  storage  bin,  mixing  platform,  coal  crusher,  con- 
veyor, the  pulleys  and  belting  that  drove  the  press,  and  the  various 
accessories  are  shown  in  Plate  VIII;  the  location  of  the  machine  with 
reference  to  the  English  machine  is  shown  in  Plate  IV. 

The  Renfrow  No.  2  machine  equipment  included  a  50-ton  bin 
(H,  PI.  VTII),  situated  above  and  behind  it;  hopper  scales  (I,  PI.  VIII 
and  PI.  IX,  ^) ;  a  pitch  cracker  (L,  PI.  VIII,  and  PI.  IX,  A) ;  a  hopper 
with  adjustable  slides  in  the  bottom  at  the  coal  scales  (J,  PI.  VIII) ; 
an  apron  conveyor  for  the  cracked  pitch  (M,  PI.  VIII) ;  a  Williams  mill 
(K,  PI.  VIII) ;  and  a  bucket  elevator  (N,  PI.  VIII) .  The  machine  itself 
included  steam -jacketed  cylinders  (PPP,  PI.  VIII)  for  heating  and 
mixing  the  fuel  and  binder;  worm  conveyors  for  forcing  the  mixture 
through  the  cylinders;  a  feed  box  (T,  PI.  VIII);  a  die  filler  (U,  PI. 
VIII) ;  a  conveyor  for  bringing  the  briquets  to  the  front  of  the  machine, 
and  a  double-acting  press  (R,  PI.  VIII). 

For  a  test  on  the  Renfrow  machine  sufficient  fuel  to  fill  the  hopper 
on  the  scales  (PI.  IX,  A)  was  drawn  from  the  storage  bin  and  weighed ; 
the  slide  at  the  bottom  of  the  scales  was  opened,  and  the  fuel  passed 
through  a  hole  in  the  floor  of  the  pitch  platform  into  a  hopper  over 
the  apron  conveyor.  A  sliding  door  on  the  side  of  the  hopper  could 
be  raised  or  lowered  to  vary  the  thickness  of  the  layer  of  fuel  on  the 
conveyor. 

Pitch  broken  by  hand  into  lumps  was  fed  into  the  pitch  cracker 
(PL  IX,  A).  The  apron  conveyor  under  the  pitch  hopper  discharged 
the  pitch  in  an  even  layer  upon  the  fuel  lying  on  the  fuel  conveyor 
below,  Plate  IX,  B,  shows  the  arrangement  of  these  conveyors.  The 
fuel  and  pitch  were  ground  in  the  Williams  mill  and  elevated  to  the 
hopper  above  the  Renfrow  No.  2  machine.  The  screw  conveyors 
moved  the  material  flowing  from  the  hopper  through  the  three  pairs 
of  horizontal  steam-jacketed  drums,  in  which  the  fuel  and  binder  were 
suitably  heated  and  thoroughly  mixed.  The  briquet  mixture  then 
passed  to  the  press  box,  whence  plungers  forced  it  into  die  fillers. 
Then  the  briquets  were  formed  under  an  average  pressure  of  1,000 
pounds  per  square  inch.  The  briquets  were  discharged  from  the 
molds  on  the  return  stroke.  The  capacity  of  the  Renfrow  No.  2 
machine  was  71  tons  per  8-hour  day  when  making  18  strokes  per 
minute. 

SCHLICKEYSEN    PEAT    MACHINE. 

The  Schlickeysen  peat  machine  used  at  the  Norfolk  plant  for  experi- 
menting with  North  Carolina  peat  was  of  the  auger  type.  The  peat 
was  macerated  by  a  screw  or  worm  and  then  squeezed  through  a 
tapered  tube  in  a  continuous  stream;  briquets  of  the  proper  length 
were  cut  off  by  a  wire  cutter.  The  general  appearance  of  the  machine 
is  shown  in  Plate  I,  B  (p.  22) .     In  addition  to  the  machine  itself, 
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the  equipment  consisted  of  a  scraper  conveyor  for  elevating  the  peat 
to  the  top  of  the  machine  and  a  number  of  wooden  sheh^es,  about  2  by 
4  feet  and  4  inches  high,  which  were  nailed  to  cleats  on  edge.  The 
shelves  received  the  briquets  direct  from  the  press  and  could  be  stored 
in  tiers  one  above  the  other  to  permit  drying. 

PITTSBURGH  PLANT. 
GENERAL   DESCRIPTION. 

At  the  experiment  station  of  the  Bureau  of  Mines  at  Pittsburgh  a 
complete  lignite-briq netting  plant  is  installed  in  the  main  part  of  the 
briquetting  building.  The  ec{uipment,  which  was  furnished  by  the 
Maschincnfabrik  Buckau  Actien  GeseUschaft,  Magdeburg,  Germany, 
is  as  follows:  Tubular  drier,  sorting  sieve,  auxiliary  crushing  rolls, 
cooler,  screw  conveyor,  large  storage  hopper,  briquetting  press 
directly  connected  to  a  steam  engine,  apparatus  for  conveying 
briquets,  shafting,  hangers,  and  extra  sets  of  dies.  To  complete  the 
plant  the  United  States  Geological  Survey  erected  a  coal  elevator, 
a  crushing  roll,  and  the  necessary  belting  and  i)iping,  in  addition  to 
the  building  and  stacks. 

The  English  machine  used  at  St.  Louis  and  Norfolk  for  briquetting 
anthracite  and  bituminous  slack  and  coke  breeze  was  set  up  in  the 
building,  but  no  pro\dsion  has  been  made  for  using  it  to  briquet  large 
quantities  of  fuels.  Work  at  this  plant  has  been  concentrated  on 
tests  of  lignite  with  the  German  machine. 

Briquetting  machines  at  Pittsburgh  and  their  equipment  are  housed 
in  a  steel-frame  building  inclosed  with  curtain  walls  of  reinforced 
concrete  2  inches  thick.  The  steel  work  is  of  heavy  construction,  for 
it  has  to  carry  not  only  the  machinery  but  also,  on  the  third  floor,  a 
storage  room  to  hold  100  tons  of  coal  or  lignite.  Plate  X  illustrates 
the  general  appearance  of  the  building. 

CONVEYOR    AND    CRUSHER. 

Two  60-toii  bins  for  storing  the  raw  lignite  were  built  near  the 
car  track  at  one  side  of  the  briquetting  building,  so  that  the  lignite 
could  be  shoveled  directly  into  them  from  the  box  cars  in  which  it  had 
been  shii)ped  from  the  mine.  A  bucket  elevator  (fig.  1)  of  the  link- 
belt  type  carries  the  raw  lignite  from  the  receiving  bin  to  the  third 
floor  of  the  building. 

The  corrugated  single-roll  crusher  (A,  figs.  1  and  2)  installed  on  the 
third  floor  was  expected  to  break  run-of-mine  lignite  into  pieces 
thiee-eighths  of  an  inch  in  diameter  or  smaller  at  one  operation.  The 
North  Dakota  lignite,  being  tough  and  woody,  was  especially  hard  to 
crush,  and  some  samples  had  to  be  run  through  the  crusher  several 
times.     The  tests  indicated  that  lignite  should  be  crushed  in  stages, 
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first  by  a  toothed  roll  and  then  by  a  smooth  or  corrugated  roll  or 
by  a  dismtegrator.  In  Germany  three  sets  of  crushers  are  used  in 
lignite-briq netting  plants. 


DRIER. 


The  Schulz  tubular  drier  (C,  figs.  1  and  2),  on  the  second  floor  of  the 
building,  is  similar  to  an  ordinary  multitubular  boiler,  22^  feet  long, 
7i  feet  in  diameter,  and  contams  195  tubes  of  3f  inches  inside  diame- 
ter, evenly  spaced  around  the  drum.     The  material  to  be  dried  passes 


10  feet 


Figure  1. — Cross  section  of  lignite-briquetting  plant. 

through  the  tubes,  which  have  a  drying  surface  of  4,310  square  feel. 
A  worm  gear  turns  the  drier  at  a  speed  of  5.2  revolutions  per  minute. 
A  5-inch  pipe  carries  the  exhaust  steam  from  the  engine  of  the 
briquetting  machine  to  the  drier,  the  steam  entering  the  latter 
through  the  upper  bearing.  During  the  tests  steam  pressures  of  3 
to  30  pounds  per  square  inch  are  used,  according  to  the  degree  of 
dryness  desired.  Live  steam  is  used  when  the  engine  is  not  run- 
ning. The  ground  lignite  is  fed  into  the  drier  tu})os  ])y  a  chute 
(PI.  XI,  A)  from  the  roll  crusher. 
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The  lower  or  delivery  end  of  the  drier  is  connected  with  a  revolving 
screen  by  a  hopper  (D,  figs.  1  and  2,  and  PI.  XI,  B).  Tliis  screen  has 
openuigs  of  two  sizes;  those  in  the  receiving  half  are  three-sixteenths 
uich  square,  and  those  in  the  other  half  arc  three-eighths  inch  square. 
Material  larger  than  three-eighths  inch  is  discharged  from  the  end  of 
the  screen  through  a  waste  pipe. 

The  material  that  passes  the  T^g-inch  openings  falls  through  a  chute 
(F' ,  fig.  1)  into  the  cooler,  and  the  material  passing  the  three-eighths- 


FiGURE  2.— Longitudinal  section  of  lignite-briquetting  plant. 

inch  screen  falls  on  a  pair  of  rolls,  is  crushed  to  a  fine  powder,  and 
then  goes  into  the  cooler  shown  at  F,  figure  1. 


COOLER. 


The  cooler  (G,  figs.  1  and  2,  and  PL  XII,  A)  has  four  circular  station- 
ary ])lates  13  feet  in  diameter,  arranged  one  above  the  other,  with 
raised  edges  and  closuig  plates  to  keep  the  dust  from  escaping. 
Over  each  plate  four  radial  arms,  each  carrying  several  scrapers  set 
at  an  aiigle  of  45°  with  the  arms,  are  revolved  by  a  vertical  central 
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shaft.  The  material  is  scraped  from  the  outer  edge  of  the  upper 
plate  toward  the  center,  where  it  falls  through  holes  to  the  plate 
below;  another  set  of  scrapers  moves  it  to  the  outer  edge  of  that 
plate  and  another  set  of  holes.  Thus  it  reaches  the  bottom  plate, 
from  which  it  goes  to  a  worm  conveyor  (H,  fig.  2,  and  PI.  XII, 
A).  This  conveyor  elevates  the  cooled  material  to  the  second  floor, 
where  it  faUs  through  chute  I  (fig.  2)  into  large  hopper  K  (fig.  2) 
over  the  German  press  L  (fig.  2). 

DUST    STACKS. 

The  dust  and  gases  from  drying  lignite  may  form  explosive  mix- 
tures with  air;  hence  stacks  (W  and  X,  fig.  2)  were  erected  over  the 
delivery  end  of  the  drier  to  carry  off  the  dust  and  gases,  as  shown 
by  the  arrows  in  figure  2.  An  explosion  door  is  placed  at  the  upper 
end  of  stack  W.  Most  of  the  dust  settles  in  the  down-coming  section 
of  stack  W  and  goes  to  hopper  D  through  a  chute.  A  spray  was  put 
in  stack  X  to  wash  out  any  dust  that  remained  in  the  gases  and  to 
condense  steam  and  other  vapors.  The  air  current  up  the  stacks 
tends  to  increase  the  capacity  of  the  drier. 

GERMAN    MACHINE. 

The  German  machine  (PI.  XIII)  was  designed  to  briquet  either  peat 
or  lignite  that  will  cohere  under  pressure  because  of  inherent  bitu- 
minous matter.  Attempts  to  use  a  similar  press  for  briquetting 
materials  containing  artificial  binder  wdll  probably  result  m  a  stalled 
machine  or  a  broken  stamp. 
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Scale  of  inches 


Figure  3.— Vertical  sections  through  mold  box  of  lignite-briquettingpress;  dimensions  are  in  millimeters 

(25.4  mm.=l  inch). 

The  machine  is  of  the  open-mold  type.  As  the  material  passes 
through  the  mold  it  is  reduced  in  volume,  because  the  opening  in  the 
delivery  end  of  the  mold  is  smaller  than  the  one  in  the  receiving  end. 
This  difference  in  the  size  of  the  two  openmgs  is  shown  by  the  vertical 
sections  through  the  mold  given  in  figure  8.  In  the  following  para- 
graph the  letter  references  pertain  to  this  figure. 
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A  charge  enters  the  mold  at  C,  is  pressed  by  the  stamp  E  into  the 
end  of  the  mold  and  is  pushed  along  to  D,  the  end  of  the  travel  of 
the  stamp  E.  The  stamp  moves  back  and  then  presses  another 
charge  to  D.  The  first  charge  is  fprced  along  under  liea^^  pressure 
in  the  direction  of  the  arrow  until  it  reaches  a;  as  it  passes  from  a 
to  h,  in  what  is  called  the  die  angle,  it  is  compressed  at  top  and 
bottom  by  the  reduction  in  height  of  the  mold.  From  h  the  briquet 
is  forced  along  by  the  successive  charges  of  material  and  its  sides  are 
hardened  and  poUshed.  Wlien  it  leaves  the  mold  at  F  the  briquet 
is  hot,  but  after  it  has  traveled  a  few  feet  in  a  trough  it  is  ready  for 
storage  or  loading  into  cars. 

The  briquets  made  by  the  German  press  have  flat  sides  and  rounded 
ends.  A  good  idea  of  their  appearance  may  be  obtained  by  referring 
to  Plate  XVI.  They  measure  approximately  6J  by  2h  by  1  inch  and 
weigh  about  1  pound  apiece. 

ENGLISH    MACHINE. 

The  English  machine,  shown  in  Plate  XIV,  was  described  on  pages 
27  to  28.  This  macliine  is  suited  for  briquettmg  any  solid  fuel  with 
added  binder.  No  provision  was  made  for  experiments  with  this 
machine  during  the  fiscal  year  ending  June  30,  1909,  and  its  equip- 
ment was  not  completed. 

LABORATORY   HAND    PRESS. 

A  laboratory  hydrauhc  press  (PI.  XII,  B),  operated  by  hand,  is 
used  for  preluninary  investigations.  It  contains  a  mold  3  mches  in 
diameter  and  9  inches  long,  around  which  is  a  steam  jacket.  This 
press  is  adapted  for  tests  of  briquets  with  or  without  binding  material 
and  with  hot  or  cold  dies.  The  pressure  obtainable  with  the  3-incli 
mold  is  50  tons,  or  14,000  pounds  per  square  inch.  By  using  a  smaller 
mold  (2-inch)  a  pressure  of  32,000  pounds  per  square  inch  could  be 
obtained.  The  press  has  proved  very  useful  and  many  tests  were 
made  with  it,  but  as  the  tests  with  the  press  were  preluninary  a 
discussion  of  only  a  part  of  them  is  included  in  this  report. 

METHOD    OF   MAKING   TESTS    ON    GERMAN    PRESS. 

In  making  a  briquetting  test  about  3  tons  of  lignite  was  crushed, 
di'ied,  and  screened  by  the  apparatus  previously  described  for  each 
machine. 

In  each  test  the  raw  material  as  it  was  fed  into  the  drier  was 
sampleil  for  chemical  analysis  and  determination  of  heating  value. 
The  dried  and  cooled  material  was  sampled  as  it  fell  into  the  hopper 
(K,  fig.  2)  and  its  temperature  and  moisture  content  were  determined. 
A  sample  of  the  briquets  was  taken  for  analysis  and  determination 
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of  heating  value.  Sizing  tests  of  the  raw  fuel  and  the  mixture  were 
also  made  from  time  to  time. 

The  tests  on  the  German  machine  described  in  this  bulletin  were 
made  without  the  use  of  any  artificial  binder^  Those  lignites  that 
are  not  made  into  good  briquets  in  the  German  press  may,  perhaps, 
bo  made  into  excellent  briquets  in  a  machine  adapted  to  working 
with  an  artificial  binder.  There  is  opportunity  for  further  experi- 
ments in  this  direction. 

Only  small  lots  of  lignite  could  be  tested  at  a  time,  because  the 
size  of  the  hopper  over  the  press  controlled  the  quantity  of  material 
dried.  Only  enough  material  was  fed  to  the  drier  to  fill  the  hopper. 
The  necessity  of  drying  small  lots  was  unfortunate,  as  about  6  tons 
of  material  could  be  put  through  in  the  tune  needed  to  get  the  appa- 
ratus warmed  to  working  temperature,  and  the  use  of  only  about  3  tons 
of  lignite  for  a  test  resulted  in  the  first  part  of  each  lot  being  dried 
more  than  the  last  part. 


DIE    ANGLES    USED. 

The  "die  angle,"  or  "angle  of  dies,"  is  the  angle  to  which  one 
end  of  the  long  die  blocks  is  ground  to  decrease  the  sectional  area  of 
the  mold,  and  thus  compress  the  material  passing  through.  This 
angle  may  be  seen  by  referring  to  figure  3,  in  which  the  die  angle 
extends  from  a  to  h;  the  tangent  of  the  angle  may  be  found  with 
sufficient  accuracy  by  dividing  the  decrease  in  vertical  height  of  the 
mold  (a  minus  h)  by  the  length  of  the  part  ground  off.  As  the 
angular  measure  in  degrees  does  not  convey  such  exact  information 
as  do  the  dimensions  of  the  part  removed  by  grinding,  the  latter  are 
styled  the  "die  angle"  in  the  notes  on  the  tests.  In  the  tests  here 
reported  various  die  angles  were  used,  ranging  from  -^  to  -^,  as 
shown  in  the  following  table: 

Dimensions  of  die  angles  used. 


Decrease 

in  vertical 

height. 

Length  of 

Ratio  or 

Angle  of 
which 

Decrease 

Length  of 

Ratio  or 

Angle  of 
which 

die  angle. 

tangent. 

ratio  is 
tangent. 

height. 

die  angle. 

tangent. 

ratio  is 
tangent. 

Mm. 

Mm. 

o      , 

Mm. 

Mm. 

o           / 

1.0 

GO 

0.016 

0    55 

5.0 

89 

0. 0562 

3    13 

1.5 

60 

.025 

1     26 

5.5 

89 

.0618 

3    32 

:i.O 

76 

.0394 

2    15 

6.0 

89 

.0674 

3    51 

4.0 

no 

.0304 

2      5 

7.0 

89 

.0786 

4    30 

4.0 

89 

.0450 

2    35 

8.0 

68 

.1176 

6    42 
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PRESSURES    USED. 

The  German  briquetting  press  was  built  to  give  a  working  pressure 
of  14,000  to  28,000  pounds  per  square  inch,  and  as  the  area  of  the 
face  of  a  briquet  was  15.55  square  inches,  the  total  pressure  developed 
by  the  machine  was  217,700  to  435,400  pounds.  The  pressure 
actually  used  in  the  different  tests  could  not  be  determined,  and  could 
be  approximated  only  when  the  material  stalled  the  machine,  the 
pressure  then  being  maximum. 

LADLE Y  BRIQUETTING  PRESS. 

Through  the  courtesy  of  the  Indianapolis  Pressed  Fuel  Co.  the  use 
of  their  briquettmg  plant  was  obtained  to  carry  :,  .  t  some  tests  of 
California  lignite  without  binder  and  of  Philippine  lignite  with  binder 
at  a  time  when  the  plant  of  the  bureau  was  not  in  condition  to  make 
tests.  It  was  also  desirable  to  determine  whether  an  American- 
made  machine  would  give  as  satisfactory  results  as  foreign-made 
machines  for  briquetting  American  fuel.  The  Ladley  press  at  the 
above  company's  plant  is  of  the  rotary-plunger  type  and  has  two 
rows  of  molds,  54  molds  m  each  row,  arranged  in  the  heavy  rim  of 
a  wheel.  The  machine  exerts  a  pressure  of  5,000  to  6,000  pounds 
per  square  inch.  The  construction  of  the  press  is  shown  by  the 
views  in  Plate  XV. 

FUELS   TESTED. 

At  the  three  experiment  stations  various  fuels  from  different 
sections  of  the  United  States  have  been  subjected  to  briquetting 
tests.  The  following  table  indicates  the  kind  of  fuels  tested,  the 
localities  from  which  the  sliipments  were  received,  the  name  of  the 
experiment  station  at  which  they  were  tested  for  briquetting  quali- 
ties, and  the  pages  of  this  bulletin  on  which  a  description  of  the  tests 
made  are  reported.  A  few  of  the  coals  were  used  only  in  tests  of 
binders,  as  reported  in  Bulletin  24." 

a  Mills,  J.  E.,  Binders  for  coal  briquets;  investigations  made  at  the  fuel-testing  plant,  St.  Louis,  Mo. 
Reprint  of  U.  S.  Geol.  Survey  Bull.  343. 
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BINDERS  LTSED. 

In  the  course  of  the  fuel-briquetting  investigations  of  the  fuol- 
testing  plants,  attention  was  of  necessity  given  to  binding  materials. 
With  very  few  exceptions  the  binder  tests  were  confined  to  primary 
binding  materials,  and  practically  no  attention  was  given  to  trials  of 
patented  binders.  Coal-tar  pitch  has  been  and  is  at  present  the 
binder  most  generally  used  in  this  country  and  in  foreign  countries. 

In  the  briquetting  experiments  at  the  three  fuel-testing  plants  a 
binder  called  water-gas  pitch  has  been  used  to  a  larger  extent  than  any 
other,  as  it  was  available  at  satisfactory  prices  and  in  sufficient  c[ii anti- 
ties.  This  binder  has  an  advantage  over  coal-tar  pitch  in  the  proportion 
of  free  carbon  present,  which  is  usually  less  than  10  per  cent,  whereas 
in  coal-tar  pitch  it  often  amounts  to  30  to  40  per  cent.  As  this  free 
carbon  or  carbon  dust  has  no  binding  quahties  itself,  it  acts  merel}^ 
as  a  diluent  of  the  pitch,  and  therefore  the  binder  that  possesses  the 
lower  proportion  of  free  carbon  should  have  the  greater  binding  power, 
other  factors  being  equal.  On  the  other  hand,  good  grades  of  coal- 
tar  pitch  may  possess  a  higher  percentage  of  the  heavier  cUstillates 
than  water-gas  pitches  and  thus  offset  the  disadvantage  of  a  high 
percentage  of  free  carbon. 

In  general,  it  may  be  said  that  the  best  grades  of  coal-tar  pitch  for 
fuel-briquetting  purposes  are  those  made  by  distiUing  the  pitch  to 
such  a  point  that  some  of  the  anthracene  or  ''green  oils"  remain  with 
the  hard  pitch  in  the  still  rather  than  by  distilhng  all  the  oil  and  then 
reducing  the  hard  pitch  with  the  naphthahne  or  creosote  oils,  as  is 
sometimes  done  in  preparing  ''reduced"  pitches. 

The  quahty  or  hardness  of  the  pitch  to  be  used  will  depend  on  the 
location  of  the  plant  and  the  time  of  year  at  which  the  })itch  is  to  be 
used.  Generally  speaking,  that  grade  of  pitch  known  as  medium 
hard  pitch  is  most  desirable  for  briquetting  fuels.  For  use  in  summer 
or  in  the  hotter  parts  of  the  country  in  the  winter  months,  a  harder 
pitch  should  be  used  than  in  the  winter  or  in  the  colder  parts  of  the 
country. 

There  are  two  general  methods  of  incorporating  pitch  l)inder  with 
fuel  to  prepare  a  mixture  for  briquetting.  The  most  general  method 
is  the  one  in  which  the  pitch  is  ground  and  mixed  with  the  fuel  and 
the  mixture  heated  by  steam  or  air  until  the  pitch  is  softened  suf- 
ficiently to  flow.  In  the  other  method,  the  pitch  is  melted  sepa- 
rately from  the  fuel  and  the  latter  is  heated  to  a  temperature  above 
the  melting  ])oint  of  the  binder,  so  that  when  they  are  mixed  the  pitch 
is  easily  and  evenly  distributed  throughout  the  mass. 

iVlthough  authorities  differ  as  to  the  best  manner  of  mixing  pitch 
binder  with  the  fuel,  the  bureau's  experiments  indicate  that  less  pitch  is 
required  if  it  is  not  melted  but  only  softened  sufficiently  to  be  "tacky," 
and  the  particles  of  coal  are  made  to  adhere  by  the  particles  of  pitch 
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and  the  ])ressure  of  the  machine.  An  advantage  derived  from  not 
heating  the  mixture  too  hot  is  that  the  briquet,  when  leaving  the 
machine,  will  be  cold  enough  so  that  the  pitch  will  be  somewhat  hard, 
thus  giving  a  maximum  strength.  Otherwise  when  the  pressure  is 
relieved  there  is  a  tendency  for  the  compressed  air  and  steam  in  the 
briquet  to  expand  and  cause  cracks  on  its  surface.  There  is  a  tem- 
perature for  each  grade  of  pitch  that  \\'ill  give  the  greatest  plasticity 
to  the  mixture  and  at  the  same  time  the  greatest  strength  to  the  fresh 
briquet.  With  some  types  of  equipment  the  mixture  of  fuel  and 
pitch  passes  through  a  spiral  cooUng  conveyor  after  leaving  the  heater 
and  before  reaching  the  press,  and  with  this  arrangement  it  is  possible 
to  ''temper''  the  mixture  to  the  desired  consistency. 

If  pitch  be  melted  to  a  thin  hquid  some  of  it  will  be  absorbed  by  the 
coal  particles,  and  although  this  result  might  be  desirable  when  briquet- 
ting  a  fuel  hke  hgnite,  it  is  not  necessary  and  is  therefore  a  waste  of 
material  in  the  case  of  anthracite  and  bituminous  coals.  The  use  of 
more  pitch  binder  than  is  absolutely  necessary  to  stick  the  particles 
together  increases  the  cost  of  briquet  ting  and  adds  to  the  smoke- 
producing  quahties  of  the  briquets. 

"Wherever  possible  it  is  best  to  mix  the  larger  pieces  of  pitch  and 
coal  and  pass  them  through  the  fine  grinder  together.  By  this  treat- 
ment a  more  intimate  mixture  is  obtained  than  if  each  is  ground  sep- 
arately and  mixed  afterwards.  It  is  much  easier  (especially  in  warm 
weather)  to  grind  the  pitch  in  mixture  wdth  the  coal  than  by  itself. 

The  tests  applied  to  binding  materials  changed  as  the  work  pro- 
gressed, so  that  the  earlier  tests  were  not  made  along  the  same  lines  as 
the  later  ones.  Therefore  the  results  of  all  of  the  tests  of  binders  can 
not  be  included  in  one  table.  A  description  "  of  the  binder  tests 
made  in  the  first  part  of  the  work  at  St.  Louis  is  given  here  and  the 
tabulated  data  of  the  later  tests  are  given  elsewhere. 

BINDERS  USED  IN  EARLIER  TESTS  AT  ST.  LOUIS. 

It  was  found  that  one  binder  would  give  good  results  with  one 
coal  but  could  not  be  used  with  other  coals.  On  account  of  the 
situation  oT  the  coal  districts  it  is  often  necessary,  for  commercial 
reasons,  to  substitute  another  binder  for  one  that  under  laboratory 
conditions  would  give  good  results.  An  attempt  was  made  not 
only  to  obtain  a  binder  with  wliich  the  coal  could  be  briquetted, 
but  to  devise  a  binder  that  would  make  briquet  ting  commercially 
possible.  The  greatest  difficulty  was  experienced  with  the  various 
grades  of  lignite,  most  deposits  of  which  are  too  remote  from  sup- 
plies of  available  binder  to  make  it  possible  to  utilize  certain  ma- 
terials for  binding  purposes  that  would  otherwise  give  satisfactory 
results. 

a  Taken  from  Pratt,  J.  H.,  Briquetting  tests:  TT.  S.  Geol.  Survey  Prof.  Paper  48  (pt.  .3),  1906,  pp. 
139^1401. 
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The  materials  that  have  been  tried  as  binders  in  the  laboratory 
experiments  and  in  the  two  briquetting  machines  include  the  fol- 
lowino;:  Pitch  of  various  grades,  creosote,  asphalt  (hard  and  soft, 
crude  and  refined),  asphalt ic  pitch,  petroleum  (both  of  paraffin  and 
asphalt  bases),  molasses,  lime,  and  clay. 

Pitch  is  the  residue  left  from  the  distillation  of  tar  that  is  obtained 
(1)  from  by-product  coke  ovens,  (2)  from  illuminating-gas  plants, 
(3)  from  producer-gas  plants,  (4)  from  Pintsch-gas  plants,  (5)  from 
water-gas  plants,  and  (6)  from  petroleum-gas  plants.  Pitches  made 
from  the  first  three  varieties  of  tar  were  tested  and  gas^e  equally 
good  satisfaction  when  approximately  of  the  same  composition. 
Petroleum-gas  tar  gave  the  best  results. 

There  is  considerable  variation  in  the  tars  obtained  by  the  various 
processes  mentioned  above,  the  pitch  obtained  from  different  batches 
of  the  same  tar  often  varying  greatly  even  when  distilled  to  the 
game  final  temperature.  In  order  to  obtain  a  uniform  grade  of 
pitch  it  is  necessary  to  keep  the  fire  at  approximately  the  same 
intensity,  and  it  is  usually  considered  advantageous  to  use  the  same 
still  for  the  same  tar.  Tar  obtained  from  by-product  coke  ovens 
differs  in  quality  from  tar  made  at  illuminating-gas  works,  probably 
because  the  condensers  of  the  former  are  kept  at  a  temperature  so 
high  that  the  available  benzole  does  not  enter  the  tar,  but  is  removed 
separately.  It  usually  contains  much  more  fixed  carbon  than  that 
obtained  from  gas-house  tars.  It  also  contains  more  water  than 
the  other  tars. 

Pintsch-gas  tar  is  obtained  as  a  thin  emulsion  in  water,  from 
which  it  can  be  separated  only  by  long  standing  in  a  tank  at  a  tem- 
perature just  below  212°  F.  The  tar  is  composed  largely  of  naph- 
thalene and  benzine. 

The  entire  output  of  tar  from  man}"  illuminatmg-gas  and  by- 
product coke  plants  is  now  purchased  by  pitch  manufacturers.  The 
price  of  coal-gas  tar  varies  considerably,  reaching  at  times  3  cents 
per  gallon.  The  price  of  illuminating-gas  tar,  guaranteed  to  con- 
tain less  than  10  per  cent  moisture,  is  6  cents  per  gallon.  An  aver- 
age sample  of  this  tar  contains  5.25  per  cent  of  water,  gives  14,172 
British  thermal  units,  and  has  a  specific  gravity  of  1.21.  Water-gas 
tar  is  sold  at  4  cents  per  gallon,  averages  6.75  per  cent  of  water,  and 
gives  15,325  British  thermal  units.  Its  specific  gra^^ty  is  1.12.  At 
present  there  is  no  market  for  Pintsch-gas  tar,  which  has  always 
been  sold  cheaper  than  water-gas  tar.  When  dried,  this  tar  con- 
tains 4  per  cent  of  water,  gives  12,304  British  thermal  units,  and  has 
a  specific  gravity  of  1.18. 

The  pitches  submitted  to  the  plant  for  the  experimental  work 
varied  considerably.  The  first  ])itch  received  was  from  the  St. 
Louis  works  of  the  Barrett  Manufacturuig  Co.     The  pitch  was  too 
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hard  and  would  not  soften  at  a  temperature  low  enough  to  be  used 
satisfactorily  in  either  the  English  or  the  American  machine.  The 
pitch  did  not  contain  a  sufficient  proportion  of  the  creosote  oils  to  give 
it  the  required  binding  quaUties.  Thi-oughout  this  report  this  pitch  is 
designated  as  pitch  A.  The  second  lot  of  pitch  was  received  from 
the  Chatfield  Manufacturing  Co.,  of  Carthage,  Ohio,  and  was  some- 
what harder  than  pitch  A,  indicating  that  a  still  gi-eater  percentage 
of  the  creosote  and  lighter  oils  had  been  driven  off.  This  pitch  is 
designated  throughout  this  report  as  pitch  X.  Although  these 
pitches  would  make  briquets,  it  was  necessary  to  use  13  to  18  per 
cent  of  them,  whereas  only  6  to  9  per  cent  of  pitch  containing  the 
proper  amount  of  light  oils  would  be  required  with  the  same  coals. 

In  order  to  obtain  a  pitch  that  would  be  satisfactory,  some  of  the 
best  tar  from  the  producer-gas  plant  was  heated  until  all  the  water 
was  expelled.  The  boiling  was  continued  until  the  residue  became 
brittle  when  dropped  into  water  having  a  temperature  of  55°  F. 
After  bucking  down,  this  pitch  stuck  together  on  standing  one  week 
in  the  laboratory.  It  is  designated  throughout  this  report  as  pitch  Z. 
A  long  series  of  tests  was  then  made  with  this  pitch  and  various 
coals,  and  6  per  cent  of  it  was  found  to  make  better  briquets  than  13 
per  cent  of  pitch  X. 

In  order  to  demonstrate  further  that  the  right  quality  of  pitch 
required  a  higher  percentage  of  the  creosote  or  adhesive  oils  than 
pitches  A  or  X,  experiments  were  made  with  hard  pitch  A  and  water- 
free  producer-gas  tar.  These  were  combined  in  various  proportions 
until  a  product  was  obtained  that  became  brittle  when  dropped  into 
water  at  55°  F.  A  sufficient  quantity  of  this  product  to  briquet  2 
tons  of  coal  was  made,  and  it  was  found  to  give  the  results  desired. 
This  pitch  wiU  soften  when  held  in  the  mouth;  when  first  bitten  it 
cracks  and  crumbles  like  spruce  gum,  but  almost  immediately 
becomes  plastic  and  can  be  chewed  like  ordinary  gum.  This  simple 
test,  in  nearly  all  cases,  wUl  determine  whether  a  pitch  is  of  the 
proper  quality  for  use  in  briquetting.  This  pitch  is  designated  through- 
out this  report  as  pitch  Y.  Samples  were  sent  to  the  Barrett  Manufac- 
turing Co.  and  the  Chatfield  Manufacturing  Co.  for  duplication  in 
quantity.  The  pitches  received  later  from  the  Barrett  Manufacturuig 
Co.  are  designated  in  this  rei)ort  as  pitches  B,  C,  and  D.  Those 
received  from  the  Chatfield  Manufacturing  Co.  are  known  as  pitches 
E,  F,  and  G. 

Another  pitch  that  was  furnished  by  the  Barrett  Manufacturing 
Co.  was  obtained  as  a  by-product  from  the  manufacture  of  gas  from 
heavy  petroleum.  Wlien  hot  this  pitch  has  a  marked  odor  of  kero- 
sene. It  is  lustrous  and  works  well  on  a  cool  day,  but  is  a  little  too 
soft  in  ordinary  weather  for  experiments  on  the  English  machine. 
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This  pitch  is  designated  as  pitch  H  througlioiit  this  report.  Analyses 
of  these  pitches  were  made  by  E.  E.  Somermeier,  with  the  following 
results : 

Proximate  analyses  of  pitches. 


Kind  of 
pitch. 

Laboratory 
No. 

Moisture. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Sulphur. 

Per  cera. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

A 

1161 

0.47 

47. 93 

50.79 

0.81 

a  0.62 

B 

1311 

1.14 

49.66 

47.88 

1.32 

.70 

C 

-    1391 

.88 

62.75 

35.84 

.53 

.57 

D 

1465 

1.45 

54.05 

43.91 

.59 

a.  56 

E 

1464 

1.02 

54.11 

44.04 

.83 

a.  66 

F 

1457 

.57 

52.98 

45.31 

1.14 

a.  80 

G 

1453 

.60 

52.53 

45.62 

1.25 

a.  70 

H 
X 

1555 
1125 

1.04 
.33 

61.44 
59.07 

36.72 
39.44 

.80 
1.16 

.88 

a  Approximately  determined. 
Ultimate  analyses  of  pitches. 


Kind  of 
pitch. 

Labora- 
tory No. 

Hydro- 
gen. 

Carbon. 

""gen"      O-yg-- 

Sulphur. 

Calorific 
value. 

A 
B 
C 
D 
E 
F 
G 
X 

1161 
1311 
1391 
1465 
1464 
1457 
1453 
1125 

Per  cent. 
4.17 
3.97 
4.72 
4.28 
4.22 
4.16 
4.06 
4.56 

Per  cent. 
91.30 
90.89 
91.16 
91.57 
91.30 
91.50 
90.82 
90.34 

Per  cent.    Per  cent. 
0. 85      i      2. 25 

Per  cent. 
0  0.62 

1.05 
1.16 
1.10 
1.00 
1.00 
1.01 
.99 

2.07 
1.85 
1.90 
1.99 
1.40 
2.16 
2.07 

8,782 
8,937 

.58 
.56 
.66 
.80 
.70 
.88 

8,820 

o  Determined  by  Eschka  method. 

Although  no  definite  conclusions  can  be  drawn  from  these  analyses, 
yet  of  the  pitches  distilled  from  the  same  tar,  under  like  conditions, 
those  with  the  highest  percentage  of  volatile  matter  gave  the  best 
results  m  briquetting.  Pitches  E,  F,  and  G,  furnished  by  the  Chat- 
field  Manufacturing  Co.,  made  from  the  same  tar  and  distilled  under 
approximately  the  same  conditions,  showed  binding  power  that 
increased  from  G  to  E  according  to  the  increase  in  the  percentage  of 
volatile  matter  and  the  decrease  in  the  percentage  of  fixed  carbon. 
Pitch  B,  which  was  made  under  entirely  different  conditions  and  from 
a  different  tar,  is  much  lower  m  volatile  matter  and  higher  m  fixed 
carbon  than  E,  yet  makes  a  better  pitch  for  briquettmg  than  either 
E,  F,  or  G. 

In, order  to  obtain  a  more  definite  estimate  of  the  iniluence  of  the 
composition  of  pitches  on  their  binding  qualities  and  their  value  in 
briquetting,  a  series  of  tests  was  made  by  distillmg  their  volatile  con- 
tents.    The  results  are  given  in  the  following  table: 
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Tempera- 

Final 

Kind  of 
pitch. 

Labora- 

Quantity 

Tempera- 
ture at 

ture  at 
which  the 

Per- 

tempera- 
ture to 
which 

tory 

of  pitch 

which 

last  of  the 

centage 

Residue. 

No. 

used. 

first  drop 

oil  was  ob- 

of oil. 

came  over. 

served  to 
come  off. 

raised. 

Grams. 

°F. 

"F. 

°F. 

A 

1161 

200 

380 

385 

1.36 

400 

Hard  coke. 

B 

1311 

200 

351 

7.38 

400 

Do. 

D 

1465 

200 

332 

375 

13.01 

400 

Do. 

E 

1464 

200 

350 

370 

1.91 

400 

Do. 

G 

1453 

200 

324 

382 

.96 

400 

Do. 

X 

1125 

200 

391 

.71 

400 

Do. 

The  total  percentage  of  oils  given  off  during  the  distillation  was 
determined  with  sufficient  accuracy  for  comparative  purposes.  It 
will  be  seen  from  the  above  table  that  there  is  a  decided  increase  in 
the  percentage  of  oils  in  the  pitches  that  gave  the  best  results. 
Pitch  X,  which  was  the  hardest  pitch  tested  and  gave  the  least 
satisfaction,  contains  only  0.71  per  cent  of  volatile  oil,  whereas  pitch 

D,  which  was  the  most  satisfactory  of  those  given  above,  contained 
13.01  per  cent  of  oils.  Pitches  A  and  E,  made  by  different  com- 
panies but  very  much  ahke  and  of  about  the  same  grade,  were  not 
good  pitches  for  briquetting.     Pitch  G  was  harder  than  either  A  or 

E,  and  little,  if  any,  better  than  pitch  X.  Pitch  B,  which  was  one  of 
the  better  ones  used,  approaching  D  in  quahty,  contained  7.38  per 
cent  of  volatile  oils.  The  experunents  have  shown  that  from  7h  to 
14  per  cent  of  these  oils  is  necessary  in  the  pitches  in  order  to  give 
them  the  binding  qualities  desired  in  briquetting.  Pitches  mth  a 
higher  percentage  of  these  oUs  are  too  soft  and  can  not  be  used  to 
advantage.  Again,  the  oils  driven  off  at  315°  F.  and  lower  tem- 
peratures are  the  creosote  oils,  for  which  there  is  a  large  demand. 
They  command  a  price  of  5^  to  6  cents  per  gallon,  or  about  S15  per 
ton.  Creosote  was  mixed  with  some  of  the  hard  pitches  for  bmding 
purposes,  and  the  product  gave  satisfactory  results. 

ROSIN. 

The  cheaper  grades  of  rosin  can  be  used  for  bmding  purposes  to  as 
good  advantage  as  the  refined  material.  Rosin  may,  in  some  cases, 
be  used  to  advantage  for  hardenmg  as  well  as  for  binding  purposes. 
It  has  been  used  \^ath  lime  and  pitch,  and  good  briquets  were  made 
with  this  combmation.  It  was  found  that  a  better  quahty  of 
briquets  could  be  made  with  a  smaller  percentage  of  a  mLxture  of 
rosin  and  pitch  as  a  binder  than  with  pitch  alone.  In  burning,  there 
is  little  or  no  odor  from  the  rosin,  although  there  is  some  tendency  to 
smoke.  Lmie  was  used  ANath  the  rosin  to  prevent,  if  possible,  the 
smoking  of  the  rosin  briquets.'* 

a  The  present  price  of  rosin,  which  approximates  $30  a  ton,  indicates  that  it  can  not  compete  with  pitch 
or  binding  purposes. 
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ASPHALT. 

Refined  California  asphaltiim  of  grade  B  was  used  in  the  experi- 
mental work,  and  is  designated  throughout  this  report  as  asphalt  Bl. 
Another  asphalt  product  used  had  a  rubbery  consistency  and  is  known 
as  "kopak"  No.  30.  It  is  manufactured  b}"  the  Raven  Mining  Co..  of 
Texas,  and  is  designated  m  this  report  as  asphalt  B2.  An  asphaltic 
pitch  made  by  the  Waters-Pierce  Oil  Co.  at  one  of  its  Texas  plants 
was  also  used  and  is  designated  as  asphalt  B3.  Crude  asphalt  from 
Indian  Territory  (Oklahoma)  is  designated  B4.  The  last-mentioned 
asphalt  is  altogether  too  hard,  approachmg  a  coke  and  containing 
only  a  small  percentage  of  volatile  matter.  A  soft  asphalt  was 
received  from  the  Gulf  Refining  Co.,  of  Port  Ai'thur,  Tex.,  and  is 
designated  throughout  this  report  as  asphalt  B5.  An  analysis  of  this 
asphalt  by  E.  E.  Somermeier  was  as  follows: 

Analysis  of  soft  asphalt  {B 5)  from  the  Gulf  Refining  Co. 

Per  cent. 

Moisture 0.  00 

Volatile  matter 80.  75 

Fixed  carbon 19.  25 

Ash 00 

Total 100.  00 

Another  soft  asphalt  was  furnished  by  John  McNeil,  Casper,  Wyo., 
and  is  known  througkout  this  report  as  asphalt  B6.  It  was  a  soft, 
tough  asphalt,  wliich  on  cooling  to  about  40°  F.  became  brittle.  An 
analysis  by  E.  E.  Somermeier  gave  the  followmg  results: 

Analysis  of  asphalt  {B6)from  Casper,  Wyo. 

Per  cent. 

Moisture ._ 0.  48 

Volatile  matter 78.  77 

Fixed  carbon -.     20.  75 

Ash 00 

Total 100.  00 

PETROLEUM. 

Petroleums  of  both  paraffin  and  asphaltum  bases  may  sometimes  be 
used  to  advantage  in  briquetting.  On  account  of  lack  of  time,  little 
experimental  work  was  done  with  the  petroleums.  Those  that  were 
used  were  crude  oil  from  Spindletop,  Tex.,  produced  by  the  Gulf 
Refining  Co.,  and  a  petroleum,  also  from  the  Beaumont  district,  pro- 
duced by  the  Great  Southern  Refinmg  Co.  The  latter  had  a  gravity 
of  15°  B.,  ^vith  a  flash  test  of  505  and  fire  test  of  570.  The  two  petro- 
leums mentioned  are  designated  Pi  and  P2  throughout  this  report. 
The  only  other  oil  that  was  tested  in  briquettmg  was  a  Kansas  crude 
oil,  which  is  designated  throughout  this  report  as  P3. 
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MOLASSES. 

A  few  experiments  were  made  with  molasses  in  order  to  determine 
the  possibility  of  utilizing  waste  products  from  cane  and  beet  sugar 
refineries  in  briquetting  lignite  and  lignite  coals  that  occur  in  the 
vicinity  of  the  refineries.  Although  no  positive  results  have  been 
obtained  ^\dth  such  waste  products  as  a  binder,  the  work  has  sho^vn 
the  probability  that  they  can  be  so  utilized. 

LIME. 

Lime  was  used  in  combination  with  both  rosin  and  molasses  and 
some  encouraging  results  were  obtained.  With  rosin  the  lime  was 
used  principally  to  prevent  smokuig.  One  of  the  mam  objections  to 
using  more  than  a  small  proportion  of  lime  is  the  fact  that  it  increases 
the  percentage  of  ash  in  the  fuel  wdthout  raising  its  heating  efficiency. 
On  the  other  hand,  it  is  one  of  the  cheapest  binders  and  may  be 
obtained  at  places  easily  accessible  to  most  of  the  coal  districts. 

CLAY. 

A  few  experiments  were  made  with  clay  in  combination  with  other 
compounds  in  an  attempt  to  obtain  a  suitable  binder  for  lignite  coals, 
but  %vithout  success. 

LABORATORY  EXPERIMENTS  AT  ST.  LOUIS. 

In  testing  the  value  of  the  various  binders  for  the  briquetting  of 
coal,  a  series  of  experiments  with  each  was  made  in  the  laboratory  by 
briquetting  the  mixtures  on  a  hand  press.  Each  mixture  of  coal  and 
binder  was  heated  in  a  glass  assay  crucible  over  a  Bunsen  burner. 
In  most  cases  it  was  heated  only  to  about  212°  F.,  but  when  the 
binder  was  softened  wdth  difficulty  the  temperature  was  increased. 
Until  the  regular  hand  press  was  completed,  the  experiments  were 
made  on  a  screw  press  with  a  steel  mold  about  three-eighths  of  an 
inch  in  diameter. 

The  various  coals,  after  they  had  been  heated  with  the  different 
binders,  were  tested  in  the  press,  with  varying  pressures  on  the  same 
mixtures.  Thus,  for  each  mixture  there  was  a  series  of  six  briquets 
made,  representing,  respectively,  a  light  pressure,  a  moderate  pres- 
sure, a  pressure  of  2,500  pounds,  a  pressure  of  4,000  pounds,  and  the 
maximum  pressure  of  about  5,000  pounds.  The  quantity  of  mixture 
fed  mto  the  mold  was  also  varied,  so  that  some  of  the  briquets  made 
were  only  one-fourth  of  an  inch  long,  whereas  others  were  an  inch 
long.  All  the  briquets  made  \vith  a  particular  mixture  gave  prac- 
tically identical  results  \vith  the  same  length  of  briquet,  and  there 
was  usually  only  slight  variation  with  briquets  made  under  different 
pressures. 
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PITCH   TESTS. 

GENERAL    RESULTS. 


Special  oxperiments  were  made  -A\dth  the  different  pitches,  A,  B, 
etc.,  and  if  there  was  considerable  variation  in  their  composition 
more  complete  experiments  were  made.  All  of  the  pitches  mix  mth 
gas  tars  and  creosote,  making  a  product  that  resembles  the  softer 
pitches.  They  also  mix  with  rosin  in  any  proportion,  giving  a  mass 
having  the  expected  intermediate  properties.  They  will  not  mix 
with  any  of  the  Kansas  or  Texas  crude  oils  or  the  refined  Texas 
petroleum  (P2),  or  with  Indian  Territory  (Oklahoma)  asphalt 
(B4),  California  asphalt  (Bl),  Texas  asphalt  (B2),  asphaltic  pitch 
(B3),  or  soft  asphalt  (B5).  Experiments  showed  that  rosin  and  oil 
would  mix  in  all  proportions,  and  such  mixed  masses  of  rosin  and  oil 
were  tried  in  combination  with  the  pitches,  but  on  addmg  the  pitch 
to  this  combined  oil  and  rosin  the  oil  was  liberated  and  the  resultant 
mass  was  granular  and  greasy,  without  any  strength  whatever. 
Another  experiment  showed  that  crude  oil  would  neutralize  the  effect 
of  clay  in  a  coal,  and  although  it  was  hoped  that  a  combination  of 
oil  and  pitch  might  be  used,  it  was  found  that  the  crude-oil  products 
would  not  niLx  with  any  of  the  tar  pitches,  and  thus  no  positive  results 
could  be  obtained  by  such  combhiation. 

The  experiments  made  with  pitch  as  a  binder,  when  heated  to  212° 
F.,  indicate  that  the  results  are  better  when  there  is  a  slight  cjuantity 
of  steam  present.  Wlien  coal  and  pitch,  mixed  with  a  small  quantity 
of  water,  were  heated  in  a  clay  crucible  until  steam  began  to  come  off 
freely  and  were  then  pressed,  much  better  results  were  obtained  than 
when  the  two  were  heated  dry  to  the  same  temperature,  or  when  the 
wet  mixture  was  heated  until  all  the  water  had  been  evaporated. 


TESTS   OF   PITCH   A. 


Experiments  were  made  in  the  laboratory  'v\dth  pitch  A  to 
determine  its  binding  qualities.  Nine  per  cent  of  this  pitch  was 
mixed  with  Arkansas  No.  1  coal  and  squeezed  to  the  limit  of  the 
screw  press.  The  warm  mixture  yielded  a  highly  polished  cylmdrical 
briquet,  which,  after  remaming  in  a  beaker  of  boiling  water  for  two 
hours,  showed  no  noticeable  softening.  This  same  mixture  was 
further  heated  until  the  pitch  began  to  smoke  and  was  then  put 
through  the  screw  press.  The  resulting  briquet  was  smooth  and 
clean. 

Seven  per  cent  of  pitch  A  with  Arkansas  No,  4  coal,  when  heated 
in  an  assay  crucible  and  run  through  the  hand  press,  made  a  fair 
briquet  which  burned  well.  Six  per  cent  of  this  same  pitch  vrith 
Arkansas  No.  6  coal,  heated  in  the  same  way  and  with  the  maximum 
pressure  of  the  hand  press,  made  a  crumbly  briquet.     Alabama  No,  1 
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coal  was  also  tested  with  pitch  A,  the  coal  having  been  previously 
crushed  to  pass  a  60-mesh  sieve.  With  7  per  cent  of  pitch  A,  when 
the  mixture  was  heated  so  as  nearly  to  burn  the  fingers,  the  resultant 
briquets  were  just  beginning  to  cohere.  With  9  per  cent  it  made  a 
well-pressed,  coherent,  but  rough  briquet.  With  1 1  ^  per  cent  the 
briquets  were  little  or  no  better,  except  that  they  were  somewhat 
cleaner.  With  20  per  cent,  when  the  mixture  was  only  warm,  but 
with  a  maximum  pressure,  the  resultant  briquet  was  good.  All 
these  briquets  were,  however,  dirty. 

The  above  experiments  show  that  the  best  practical  results  with 
this  hard  pitch  were  obtained  by  using  9  per  cent  of  it  with  a  coal 
easily  briquetted;  with  other  coals  the  percentage  should  be  much 
higher. 

Pitch  A  was  further  tested  with  rosin,  but  no  satisfactory  results 
were  obtained  with  pitch  A  and  rosin. 

TESTS    OF   PITCH    B. 

Pitch  B  was  tested  with  West  Virginia  coking  coal.  With  3  per 
cent  of  pitch  B  a  fair  briquet  was  obtained.  With  4  per  cent  the 
resulting  briquet  was  a  little  better,  and  with  5  per  cent  a  good 
briquet  was  made  which  had  the  desired  lustrous  fracture.  With 
Arkansas  No.  4  coal  6  per  cent  of  this  pitch  was  needed  to  give  the 
desired  results,  and  as  this  coal  represents  more  nearly  the  character 
of  the  coals  to  be  briquetted,  6  per  cent  was  accepted  as  the  per- 
centage required  of  this  and  the  similar  pitches  C  and  D  to  make  a 
good  briquet.  A  series  of  experiments  was  also  made  with  this 
pitch  and  lime.  The  experiments  indicated  that  there  is  no  advan- 
tage in  using  lime  with  pitch  in  an  attempt  to  reduce  the  percentage 
of  pitch.  If,  however,  some  third  substance  that  will  react  with  the 
lime  can  be  used  it  may  be  possible  thus  to  produce  a  binder  that 
will  be  cheaper  than  pitch  alone  and  quite  as  satisfactory. 

TESTS    OF   PITCHES    C   AND    D. 

Pitches  C  and  D,  which  are  similar  to  pitch  B,  were  used  with  the 
formulas  derived  for  B,  and  in  nearly  all  cases  the  runs  made  on  the 
English  and  American  machines  were  satisfactory. 

TESTS    OF   PITCH    E. 

Pitch  E,  which  melts  at  180°  F..  is  a  trifle  too  hard  for  satisfactory 
briquetthig  on  the  English  machine  and  is  not  equal  to  pitches  B, 
C,  or  D.  Six,  7,  8,  and  9  per  cent  of  this  pitch  were  tested  alone  on 
Illinois  No.  4  coal.  With  6  per  cent  the  briquet  was  noncoherent; 
with  9  per  cent  an  excellent  briquet  was  made.  With  Arkansas 
No.  5  coal,  which  makes  an  excellent  briquet  with  6  per  cent  of  pitch 
B,  8  per  cent  of  pitch  E  was  necessary  to  obtain  a  corresponding 
briquet. 
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Another  series  of  experiments  with  pitch  E  was  nia(h>  with  Ken- 
tucky Xo.  2  coal.  The  coal  was  crushed  so  that  half  would  pass 
through  a  20-mesh  sieve  and  haK  through  a  10-mesh  sieve.  With 
7  per  cent  of  pitch  E  a  briquet  was  obtained  that  was  just  coherent; 
with  8  ])er  cent  the  briquet  was  nearly  satisfactory;  but  with  9  per 
cent  an  excellent  briquet  was  obtained,  similar  to  those  made  with 
the  Illinois  Xo.  4  coal. 

TESTS    OF    PITCH    G. 

Pitch  G,  which  melts  at  196°  F.,  is  too  hard  (as  are  A  and  X)  to  be 
used  alone  in  briquetting.  With  IJ  per  cent  of  creosote  and  8  per 
cent  of  pitch  G,  a  good  briquet  was  obtained  that  disintegrated  only 
slightly  in  the  fire,  and  this  formula  was  used  in  makuig  a  trial  run  on 
the  English  machine. 

TESTS    OF   PITCH    X. 

Experiments  were  made  with  pitch  X  with  70  per  cent  of  Penn- 
sylvania Xo.  2  anthracite  coal  and  30  per  cent  of  West  Virginia  Xo.  1 
bituminous  coal.  To  these  mixed  coals  were  added  varying  percent- 
ages of  pitch  X,  until  with  13  per  cent  the  briquets  were  very  satis- 
factory. Briquets  were  also  made  by  using  12  per  cent  of  jiitch  X 
with  a  mixture  of  coal  containing  80  per  cent  of  the  anthracite  and 
20  per  cent  of  the  bituminous,  and  with  a  mixture  of  60  per  cent  of 
the  anthracite  and  40  per  cent  of  the  bituminous.  All  of  these 
mixtures  made  briquets  that  burned  without  any  disuitegration  in  a 
muffle.  Pennsylvania  Xo.  2  anthracite  coal  was  also  tested  alone 
with  12  per  cent  of  pitch  and  the  resultant  briquet  was  satisfactory. 
In  all  of  the  above  cases  the  mixture  was  heated  hi  an  assay  crucible 
until  the  pitch  softened.  Xo  experiments  on  the  English  machine, 
however,  could  be  made  with  these  combinations. 

TESTS    OF    PITCH    Z. 

The  gas-producer  pitch  (Z)  was  tested  with  Arkansas  Xo.  3  coal  by 
using  6.7  per  cent  of  the  pitch.  While  hot  these  briquets  were  soft, 
but  CD  standing  one  hour  the}''  became  very  hard  and  had  a  glossy 
or  lustrous  fracture.  When  tested  in  the  muffle  they  burned  without 
disintegration. 

TESTS  OF  ASPHALT  BINDERS. 

Asphalts  were  used  alone  as  a  bmder  aud  also  in  combination  with 
other  compounds.  A  number  of  satisfactory  results  were  obtained 
in  the  laboratory  work,  but  only  a  few  of  the  asphalts  could  be  tried 
on  either  the  English  or  the  American  machines,  neither  of  which 
was  adapted  to  the  use  of  such  mixtures. 
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RESULTS    WITH   CALIFORNIA    ASPHALT. 


California  asphalt  (Bl)  is  brittle  at  ordinary  temperatures  and  can 
be  readily  disintegrated.  At  212°  F.  it  softened  slightly.  It  mixed 
readily  with  the  Spindletop,  Tex.,  petroleum  (Pi),  and  the  residual 
product  of  Beaumont  petroleum  (P2)  in  all  proportions,  and  can 
therefore  be  thinned  to  any  consistency.  A  series  of  experiments 
was  first  made  with  4  per  cent  of  this  asphalt  with  Arkansas  No.  5 
coal,  from  which  a  fair  briquet  was  obtained.  With  5  per  cent  the 
briquet  was  satisfactory,  and  with  6  per  cent  it  was  only  a  little 
better.  By  using  6  per  cent  of  the  asphalt,  moistening  the  mixture, 
and  then  heating  until  steam  came  off,  a  briquet  was  obtained  that 
was  intermediate  in  quality  between  those  made  with  4  and  5  per 
cent  mixed  dry,  and  raised  to  a  higher  temperatm-e.  This  indicates 
that  to  obtain  the  best  residts  with  this  asphalt  it  would  be  necessary 
either  to  heat  the  mixtm-e  with  superheated  steam  or  to  add  crude  oil. 

The  California  asphalt  was  fiu-ther  tested  with  the  Indian  Terri- 
tory No.  6  coal,  and  with  10  per  cent  of  the  asphalt  an  excellent 
briquet  was  obtained  that  was  strong  and  sufficiently  hard,  but 
showed  many  clayey  streaks.  The  Indian  Territory  briquets  burned 
fairly  well  in  the  muffle. 


RESULTS    WITH        KOPAK. 


The  Texas  asphaltic  compound  known  as  "kopak"  (B2)  softened 
slightly  at  212°  F.  without  becoming  sticky.  It  melted  at  a  rather 
high  temperature,  but  was  very  adhesive.  It  can  not  be  disintegrated 
readily  in  warm  weather,  but  at  a  low  temperature  it  can,  with  some 
care,  be  crushed.  It  is  not  affected  by  the  crude  Texas  oil  (Pi)  or 
the  residual  petroleum  from  Texas  (P2).  With  the  warm  asphaltic 
pitch  it  mixed  readily  and  little  of  this  pitch  was  needed  to  make  a 
soft,  very  sticky  mass.  With  ordinary  coal-tar  pitches  this  asphaltic 
compound  did  not  mix  at  aU.  With  rosin  the  rubbery  asphalt 
mixed  readily,  and  the  resulting  product  could  be  cracked  rather 
easily.  This  asphalt  has  qualities  that  should  make  it  a  desirable 
binder,  and  it  may  perhaps  be  advantageously  used  in  briquetting 
lignites. 

The  B2  asphalt  was  tested  with  a  dry  Texas  lignite,  12  per  cent 
of  asphalt,  heated,  being  used  as  a  binder.  The  resulting  briquet 
was  tough  and  strong,  but  did  not  burn  well,  although  it  had  more 
cohesion  than  a  lignite  briquet  made  with  pitch.  By  using  12  per 
cent  and  heating  with  steam  in  the  usual  marmer  a  briquet  was  ob- 
tained that  was  fully  as  strong  as  the  one  heated  to  a  higher  tempera- 
ture. When  the  mold  was  warm  a  black,  glossy  briquet  was  pro- 
duced. With  10  per  cent  of  asphalt  there  was  seemingly  no  differ- 
ence in  the  appearance  of  the  briquets.     They  disintegrated  in  tl\e 
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furnace,  however,  and  for  this  reasoa  this  line  of  experunentation 
was  not  pursued  further. 

This  asphalt  was  further  teste(]  hy  using  6  per  cent  in  combuiation 
with  4  per  cent  of  the  asphaltic  pitch  (B3)  and  the  dry  Texas  lignite. 
The  residtant  briquet  was  soft  wdien  taken  from  the  mold.  After 
standmg  one  hour  it  presented  a  fail"  appearance,  but  had  no  coher- 
ence when  burnmg,  showmg  that  no  advantage  is  to  be  gained  by 
adding  the  asphaltic  pitch. 

RESULTS    WITH   ASPHALTIC    PITCH. 

Asphaltic  pitch  (B3),  made  by  the  Waters-Pierce  OU  Co.  at  one  of 
its  Texas  plants,  has  excellent  binding  qualities  and  the  right  consist- 
ency to  work  easily.  The  pitch  was  tested  first  w4th  Ai-kansas 
No.  5  coal,  by  usmg  6  per  cent  of  pitch  as  a  binder  and  heating  to  a 
moderate  temperature  in  an  assay  crucible.  The  briquets  were 
somewhat  porous  and  not  strong.  By  using  8  per  cent  of  tlie  pitch 
and  moderate  pressure  a  good  briquet  which  stood  up  well  in  the 
fire  was  obtained.  With  Arkansas  No.  6  coal,  6  per  cent  of  this  pitch 
made  a  tough,  elastic,  and  rather  soft  briquet.  This  pitch  does  not 
give  the  degree  of  hardness  that  can  be  obtained  by  using  coal-tar 
pitches. 

Another  test  was  made  with  Arkansas  No.  5  coal  by  using  2  per 
cent  of  the  asphaltic  pitch  and  4  per  cent  of  lime  as  binder.  The 
briquets  showed  little  or  no  coherence  when  taken  from  the  mold 
and  no  change  m  physical  character  at  the  end  of  40  hours.  Three 
per  cent  of  pitch  and  3  per  cent  of  lime  made  a  briquet  that  was  only 
slightly  better.  Four  per  cent  of  pitch  and  4  per  cent  of  lime  made  a 
fair  briquet,  which  was  improved  a  little  by  an  increase  of  pressure. 
Four  per  cent  of  pitch  and  3  per  cent  of  lime  gave  practically  the  same 
residt.  As  there  was  seemingly  no  reaction  between  the  pitch  and 
the  lime  no  advantage  was  gained  m  using  lime. 

A  series  of  experiments  was  made  with  5  per  cent  of  the  pitch 
and  1  per  cent  of  rosin  and  Arkansas  No.  2  coal.  The  briquet  was 
somewhat  soft  when  taken  from  the  mold  and  did  not  harden  in  24 
hours.  With  4  per  cent  of  pitch  and  2  per  cent  of  rosin  a  bri- 
quet was  obtained  that  was  satisfactory  in  every  way.  Three 
per  cent  of  pitch  and  3  per  cent  of  rosin  gave  seemingl}^  the  same 
results  as  4  per  cent  of  pitch  and  2  per  cent  of  rosin.  With  2  per 
cent  of  pitch  and  4  per  cent  of  rosin  a  good  briquet  was  obtained, 
wliich,  however,  was  slightly  brittle.  One  per  cent  of  pitch  and  5 
per  cent  of  rosin  made  a  hard  and  strong  briquet,  but  it  was  more 
brittle  than  the  preceding.  The  briquets  made  from  4  per  cent  of 
asphaltic  pitch  and  2  per  cent  of  rosin,  and  from  3  per  cent  of  pitch 
and  3  per  cent  of  rosin  were  of  equal  value.  The  3-to-3  briquet  is 
probably  cheaper,  and  this  ratio  was  adopted. 
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RESULTS    WITH   INDIAN   TERRITORY   ASPHALT. 

Indian  Territory  asphalt  (B4)  did  not  soften  in  boiling  water. 
It  melted  to  a  stiff,  sticky  liquid  just  below  its  ignition  point.  It  is 
only  slightly  soluble  in  gasoHne.  At  the  boiling  point  there  was 
seemingly  no  reaction  between  this  hard  asphalt  and  crude  petro- 
leimis  Pi,  P2,  and  P3.  Neither  was  there  any  apparent  reaction 
between  this  asphalt  and  melted  rosin.  With  creosote  it  softened 
materially  and  when  used  with  this  in  the  ratio  of  5  per  cent  of  each 
with  90  per  cent  of  Arkansas  coal  a  fair  briquet  was  obtained.  With 
Pintsch-gas  tar  an  apparent  reaction  took  place  which  caused  the 
separation  of  some  of  the  contained  water.  One  of  the  first  tests 
made  with  this  asphalt  was  to  determine  whether  Kansas  oil  would 
have  any  softening  effect  on  the  asphalt,  but  no  matter  what  quantity 
of  oil  was  used,  when  heated  with  steam,  only  a  noncoherent,  greasy 
mass  was  formed.  The  asphalt  was  also  tried  alone  with  Arkansas 
coal  by  using  4  per  cent  of  asphalt.  The  mixture  was  used  dry  and 
worked  at  a  high  temperature,  but  the  resulting  briquet  was  poorly 
coherent.  With  6  per  cent  of  asphalt  the  briquet  was  little  or  no 
better. 

RESULTS   WITH   WYOMING   ASPHALT. 

Wyoming  asphalt  (B6)  united  readily  with  rosin.  Two  parts  of 
asphalt  and  one  part  of  rosin  were  melted  together  in  a  kettle  and 
then  cooled  overnight.  On  a  cool  day  the  mass  was  very  brittle, 
but  became  sticky  with  a  rise  in  temperature.  In  using  the  mixture 
one  to  two  parts  of  lime  were  added  to  prevent  its  becoming  too  soft 
while  hot.  The  briquets  crumbled  easily  in  burning.  A  Wyoming 
hgnite,  undried,  was  tested  with  8  per  cent  of  the  mixture  (2  parts 
Wyoming  asphalt  with  1  part  of  rosin)  and  1  per  cent  of  slaked  lime. 
This  made  a  good  briquet,  which  burned  fairly  well.  With  7  per 
cent  of  the  mixture  and  1  per  cent  of  lime  the  result  was  practically 
the  same.  With  6  per  cent  of  the  mixture  and  1  per  cent  of  lime  the 
briquet  was  crumbly.  A  briquet  made  with  7  per  cent  of  the  mixture 
alone  without  lime  appeared  a  little  tougher  when  taken  from  the 
mold,  but  it  did  not  burn  so  well.  Seven  per  cent  of  the  mixture  and 
2  per  cent  of  slaked  lime  gave  results  similar  to  those  with  7  per  cent 
of  mixture  and  1  per  cent  of  lime. 

In  testing  this  asphalt  alone  it  was  necessary  to  heat  the  coal  in  an 
assay  crucible,  add  the  fragments  of  asphalt,  knead  them  together, 
and  heat  frequently.  Six  per  cent  of  this  asphalt  alone  made  with 
Wyoming  lignite  a  strong,  tough  briquet  which  was  slightly  earthy 
in  appearance.  When  tested  in  the  fire,  however,  the  briquet  fell  to 
pieces  at  once. 
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ROSIN    TESTS. 

Rosin  used  alone  as  a  binder  produces  brittle  briquets.  The  results 
of  the  tests  made  mth  rosin  and  pitch  are  recorded  under  "Results 
With  Pitch." 

RESULTS    WITH    ROSIX    AND    PETROLEUM. 

Rosin  mixes  with  almost  all  of  the  crude  oils  and  their  residual 
{)roducts  that  were  tested  in  the  laboratory.  It  mixed  readily  with 
the  rubber}'  asphalt  B2,  forming  a  still  more  rubbery  mass,  but  did 
not  unite  at  all  with  the  Indian  Territory  asphalt  B4.  All  of  the  oils 
and  petroleums  increased  the  toughness  of  the  rosin,  and  the  con- 
sistency of  the  resulting  mixtures  varietl  from  that  of  wagon  grease 
to  that  of  sticky  rosin.  Five  parts  of  rosin  melted  vnth  1  part  of 
Kansas  crude  petroleum  gave  a  tough  mass. 

A  series  of  experiments  was  made  wdth  rosin  and  Kansas  crude 
oil  P3  and  Indian  Territory  No.  6  coal.  With  5  per  cent  of  rosin  and 
1  per  cent  of  P3  oil  a  soft  briquet  was  obtained,  which  hardened  after 
exposure.  Six  per  cent  of  rosin  and  1  per  cent  of  P3  oil  yielded  a 
briquet  that  was  slightly  plastic,  very  tough  and  strong  in  a  warm 
room,  but  brittle  and  somewhat  crumbly  in  the  cold.  It  required 
several  hours  to  harden.  Six  per  cent  of  rosin  and  H  per  cent  of 
P3  oil  gave  a  briquet  that  could  be  bent  in  the  fingers,  but  was  no 
stronger  than  one  made  with  5  per  cent  of  rosin  and  1  per  cent  of  oil. 

Another  series  of  experiments  was  made  with  equal  parts  of  rosin 
and  petroleum  residue  P2,  which  made  a  very  sticky,  plastic  mass. 
With  6  parts  of  rosin  and  4  parts  of  the  petroleum  P2,  a  mass  was 
obtained  that  became  hard  when  plunged  into  cold  water.  With 
4  parts  of  rosin  and  1  part  of  the  petroleum  P2,  a  mass  was  obtained 
that  was  slightly  brittle  at  ordinary  temperatures,  but  melted  below 
212°  F.  These  proportions  were  therefore  considered  the  best, 
and  the  mixture  was  tried  with  the  Ai'kansas  No.  5  coal  by  using  4 
per  cent  of  rosin  and  1  per  cent  of  the  petroleum  P2  as  a  binder. 
The  resulting  briquets  were  the  best  that  were  made  in  the  laboratory 
and  were  hard  enough  to  dent  wood.  When  thrown  violently  against 
a  cement  floor,  they  broke  across  the  grain  antl  Anthout  producing 
any  dirt.     This  briquet  also  burned  exceptit)nally  well. 

The  Indian  Territory  No.  6  coal  was  tried  with  a  mixture  of  3  per 
cent  of  rosin  and  2  per  cent  of  petroleum  P2,  but  the  briquet  was 
oily,  soft,  and  plastic.  With  a  mixture  containing  5  per  cent  of 
rosin  and  2  per  cent  of  petrolemn  P2  an  excellent  briquet  was 
obtained.  With  4^  per  cent  of  rosin  and  1^  per  cent  of  petroleum 
P2  a  briquet  was  made  that  was  practically  as  good  and  represented 
the  best  proportion  to  be  used  with  the  coals  of  the  type  of  Indiar 
Territory  No.  6.  This  briquet  was  nearl}'^  as  good  as  those  made  \vith 
10  per  cent  of  the  California  asphalt  Bl. 
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RESULTS    WITH    ROSIN    AND    LIME. 


With  lime  and  rosiii  alone  15  per  cent  of  lime  and  85  per  cent 
of  rosin  was  the  proportion  required  for  a  complete  reaction.  Rosin 
with  unslaked  lime  sets  after  melting.  If  slaked  lime  be  used,  the 
reaction  occurs  at  212°  F.,  and  the  mixture  is  light  gray.  This 
cement  will  soften  and  become  sticky  only  at  the  melting  point  of 
lead.  On  cooling  it  is  brittle,  but  stronger  than  rosin.  With  slaked 
lime  rosin  reacts  and  gives  a  satisfactory  mixture  up  to  3  parts  of 
rosin  and  1  part  of  slaked  lime. 

RESULTS    WITH    ROSIN,  LIME,  AND    PETROLEUM. 

Rosin,  slaked  lime,  and  the  petroleum  residue  P2  were  mixed 
together  in  the  })roportion  of  3  parts  of  rosin  to  1^  parts  of  slaked 
lime  and  1  part  of  petroleum  P2.  This  mixture  was  tough  and 
could  be  pulverized.  Indian  Territory  No.  6  coal  with  7  to  9.6 
per  cent  of  this  mixture  was  heated  with  steam  and  when  compressed 
made  a  medium  hard  briquet.  It  was  not,  however,  tough  enough 
nor  did  it  burn  satisfactorily. 

Another  combination  was  tried  by  using  3  parts  rosm  to  H  parts 
slaked  lime  and  2  parts  of  Kansas  P3  oil.  This  made  a  granular, 
nonbmding  mass.  With  2  parts  of  rosin  to  1  of  slaked  lime  and  1 
of  the  P3  oil,  a  sticky,  oily  mass  was  obtained,  but  it  was  not  at  all 
tough. 

A  combination  of  rosin  and  the  residual  Beaumont  petroleum  P2 
was  made  considerably  tougher  by  the  addition  of  lime,  and  for  this 
combination  relatively  more  lime  was  needed  than  when  rosin  alone 
was  used.  The  best  combination  obtained  was  6  parts  of  rosin  to 
3  parts  of  slaked  lime  and  2  parts  of  petroleum  P2. 

With  Kansas  crude  oil  no  positive  results  could  be  obtained.  Six 
parts  of  rosm,  3  of  lime,  and  4  of  the  Kansas  oil  P3  gave  a  greasy, 
granular  mass  without  any  apparent  binding  properties.  With  3 
parts  of  oU  instead  of  4  there  was  obtained  a  sticky  mass,  which, 
however,  had  no  strength. 

RESULTS    WITH    ROSIN    AND    SULPHURIC    ACID. 

Rosin  was  tested  with  sulphuric  acid,  the  dilute  acid  having  no  effect 
on  the  rosin.  Concentrated  acid  reacted  with  it,  evolving  SOj  and 
forming  a  stiff,  bright-red  paste.  When  the  paste  was  added  to 
water  there  was  formed  a  pink,  soapy  precipitate.  Lignite  was 
tested  with  10  and  with  13  per  cent  of  this  mixture,  and  fair  briquets 
were  made  in  each  case.  These  soltened  slightly  on  standing  and 
disintegrated  in  the  fire.  They  were  of  about  equal  quality  and 
equivalent  to  a  briquet  made  with  12  per  cent  of  rosin. 
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PETROLEUM    TESTS. 

All  of  the  crude  oils  and  petroleums  can  be  stiffened  to  some  extent 
by  being  mixed  with  rosin  or  hard  pitch.  None  of  the  petroleums 
and  oils  that  have  been  tested,  however,  could  be  used  alone  in 
briquet tmg  any  of  the  coals.  Most  of  them  were  too  fluid  and  had 
httle  or  no  bindmg  qualities. 

TESTS    WITH    MOLASSES. 

The  molasses  experimented  with  in  the  laboratory  can  be  bought 
in  any  market.  It  was  always  used  in  combination  with  lime. 
Thick  molasses  was  diluted  with  twice  its  weight  of  water,  and  the 
lime  was  slaked  to  a  paste  with  twice  its  weight  of  water.  Wlien 
these  two  reagents  were  mixed  they  had  no  apparent  reaction  until 
they  were  dry.  By  using  1  part  of  water  to  1  of  molasses  and  2  of 
lime  there  was  no  apparent  excess  of  either,  and  the  mixture  set  at 
once  to  a  rather  hard  cement  similar  to  plaster  of  Paris.  A  series  of 
experiments  was  made  with  Arkansas  No.  6  coal  by  using  slaked  lime 
equivalent  to  5  per  cent  of  unslaked  lime,  diluted  molasses  equivalent 
to  1  per  cent  of  the  undiluted,  and  94  per  cent  of  the  coal.  The 
briquets  were  somewhat  friable  when  taken  from  the  mold,  but 
became  hard  after  standing  6  hours,  and  in  24  hours  they  were  hard 
and  strong.  When  unmersed  in  water,  they  remamed  intact  for 
about  48  hours,  when  they  began  to  crumble.  With  a  mixture 
equal  to  3  per  cent  of  unslaked  lime  and  3  per  cent  of  undiluted 
molasses  with  94  per  cent  of  the  coal,  a  briquet  was  obtained  that 
was  rather  soft  when  first  taken  from  the  mold,  but  became  hard  in 
5  hours.  It  burned  with  intumescence.  With  1  ])er  cent  of  lime 
and  5  per  cent  of  molasses,  the  resultant  briquet  hardened  slowly  and 
at  the  end  of  48  hours  was  tough  and  elastic,  but  not  hard.  At  the 
end  of  seven  days  it  had  become  extremely  hard.  In  breaking  it 
had  a  lustrous  fracture  and  powdered  only  slightly.  When  tested 
in  water,  it  softened  and  weakened  only  after  several  daj^s.  This 
ratio,  5  of  molasses  and  1  of  lime,  gave  the  best  results. 

Another  test  was  made  by  mixing  dry  4  per  cent  of  quicklime  with 
the  coal  and  then  adding  3  per  cent  of  the  molasses  that  had  been 
previously  diluted.  The  briquets  as  taken  from  the  mold  were  soft 
and  crumbly,  having  little  or  no  cohesion.  A  brown  Texas  lignite, 
one-half  crushed  to  pass  through  a  10-mesh  sieve  and  the  other  half 
to  pass  through  a  20-mesh  sieve,  was  dried  and  tested,  with  the 
molasses  and  lime  in  the  ratio  of  5  to  1 .  The  lime  was  first  slaked  to 
produce  a  dry,  white  powder,  and  the  molasses  was  tliluted  with  an 
equal  weight  of  water.  The  very  fine  slaked  lime  equivalent  to  1 
per  cent  of  unslaked  lime  and  the  lignite  were  mixed  dry  and  then 
the  diluted  molasses,  equal  to  5  per  cent  of  the  pure  molasses,  was 
thoroughly  mixed,  a  little  at  a  time,  with  the  mixed  lime  and  lignite, 
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enough  extra  hot  water  being  added  to  thoroughly  moisten  the  mass. 
The  main  difficulty  was  in  making  the  lignite  moist.  With  5  per 
cent  of  molasses  and  2  per  cent  of  lime,  the  resultant  briquet  was  just 
coherent,  and  many  small  intersecting  cracks  developed  when  the 
pressure  was  relieved.  On  standing  48  hours  the  cracks  had  pot 
enlarged  and  the  briquets  were  hard,  brittle,  glossy,  and  brown. 
With  7  per  cent  of  molasses  and  2  per  cent  of  lime,  the  briquets  were 
similar  to  the  others  when  first  taken  from  the  mold,  but  became 
slightly  harder  and  darker  in  48  hours.  With  7  per  cent  of  molasses 
and  4  per  cent  of  lime  fewer  cracks  developed  when  the  pressure  was 
relieved,  but  the  briquets  were  still  soft.  In  48  hours,  however,  they 
were  noticeably  stronger  and  blacker  than  those  of  either  of  the  other 
two  mixtures.  With  10  per  cent  of  molasses  and  3  per  cent  of  lime 
similar  cracks  developed  on  relief  of  pressure,  and  on  standing  48 
hours  the  briquets  were  as  hard  as  those  with  7  and  4  per  cent, 
respectively.  With  14  per  cent  of  molasses  and  4  per  cent  of  lime  the 
briquet  obtained  was  fair  when  first  taken  from  the  mold.  It  was 
somewhat  crumbly,  how^ever,  and  at  the  end  of  48  hours  showed  little 
change.  Its  character  was  not  changed  by  using  the  extreme  pres- 
sure obtainable  on  the  screw  machine.  With  12  per  cent  of  molasses 
and  4  per  cent  of  lime  the  briquet  was  better,  but  still  not  strong 
while  fresh.  In  48  hours  it  had  hardened  somewhat,  but  had  devel- 
oped many  of  the  drying  cracks.  With  16  per  cent  of  molasses  and 
2  per  cent  of  lime  there  was  an  excess  of  molasses,  this  being  squeezed 
out  under  pressure.  This  briquet  was  fairly  good  while  fresh,  but 
became  too  brittle  on  drying.  With  a  higher  percentage  of  lime 
there  was  less  tendency  to  crack,  and  although  in  the  present  series 
of  experiments  little  lime  was  used  in  excess  of  the  proportion  required 
for  forming  calcium  saccharate,  it  may  be  that  a  further  addition  of 
lime  would  make  a  briquet  that  woidd  behave  better  in  the  fire. 

TESTS    WITH    WAX    TAILINGS. 

A  sample  of  wax  tailings  received  from  the  Standard  OU  Co.  was 
combined  with  Arkansas  coal.  With  98  per  cent  of  coal  and  2  per 
cent  of  wax  no  coherence  was  established  under  moderate  pressure. 
With  4  per  cent  of  wax,  either  hot  or  cold,  an  elastic  briquet  was 
obtained  which  was  fairly  clean,  but  yielded  imder  slowly  a])])lye(l 
pressure.  The  briquets  were  tested  in  a  muffle  and  seeme<l  to  l^uru 
perfectly.  With  additional  pressure  a  briquet  (containing  4  i)er 
cent  of  wax)  was  obtained  which,  although  it  had  no  greater  strength 
than  the  other,  was  smooth  and  clean.  With  5  per  cent  of  the  wax 
and  with  light  pressure,  a  briquet  was  obtained  that  was  rather  sticky 
and  showed  an  excess  of  wax  by  sticking  to  the  plunger. 

The  wax  was  also  tried  with  some  of  the  harder  pitclies.  With  1 
per  cent  of  wax  and  3  per  cent  of  pitch  X  a  noncoherent  briquet  was 
obtained;  1  per  cent  of  wax  and  5  per  cent  of  pitch  X  produced  the 
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same  result,  regardless  of  the  pressure  used;  and  with  2  per  cent  of 
wax  and  4  per  cent  of  pitch  X  a  briquet  was  obtained  similar  to  the 
one  in  which  13  ]ier  cent  of  jutch  X  alone  was  used.  It  was,  however, 
not  a  satisfactory  product. 

TESTS    WITH    ACID    SLUDGE. 

Some  acid  sludge  was  received  from  the  Gulf  Refining  Co.,  of  Port 
Arthur,  Tex.  It  was  mixed  with  water,  producing  a  weak  acid 
solution,  which  did  not  seriously  attack  iron.  Part  of  the  sludge  was 
a  thin,  greasy  mass,  and  the  remainder  was  rubbery  and  granular. 
The  two  parts  did  not  mix  when  they  were  heated  to  the  melting  point. 
The  stiffer  part  of  the  sludge  did  mix  with  melted  rosin,  and  tliis 
mixture  resembled  the  rubbery  asphalt  B2. 

TESTS    WITH    LIME. 

No  experiments  were  made  with  lime  alone,  as  the  j)ercentage 
required  for  making  a  coherent  briquet  was  so  high  as  to  preclude 
entirely  its  use  as  a  binder. 

TESTS    WITH    CLAY. 

Clay  alone  was  tried  up  to  8  per  cent,  but  in  no  case  was  a  briquet 
obtained  that  would  hold  together  on  drying,  although  the  clay  used 
was  a  superior  potter's  clay. 

COALS    USED    IN   TESTS. 

TESTS    WITH    COLORADO    NO.   1." 

Colorado  No.  1  coal  without  previous  dr3dng  was  tried  %^ath  pitch 
D.  With  7  per  cent  of  the  pitch  the  briquet  showed  httle  cohesion; 
with  9  per  cent  a  fair  briquet  was  obtained;  and  with  10  per  cent  a 
good  one  was  made,  which  stood  up  fairly  well  in  the  fire.  With  11 
per  cent  the  briquet  was  better  than  with  10,  but  it  was  decided  to 
use  10  per  cent  in  making  a  run  on  the  English  machine. 

TESTS    WITH    TEXAS    NO.   \.b 

On  account  of  the  large  areas  of  Texas  No.  1  lignite  and  the 
importance  of  utilizing  it  as  a  fuel,  many  experiments  were  made  in 
the  laboratory  in  the  effort  to  devise,  if  possible,  a  practical  binder  that 
could  be  used  for  briquetting  it.  It  was  first  tried  with  pitch  alone 
and  .then  with  various  combinations,  the  results  of  the  tests  being 
largely  unfavorable. 

Results  mth  jiitcli  hinder. — The  lignite  without  pre^aous  ilrying  was 
first  tried  with  pitch  B;  it  was  crushed  so  that  one-third  was  40  mesh, 
another  third  20  mesh,  and  the  last  third  10  mesh.  With  6  per  cent 
of  pitch  B  heated  in  an  assay  crucible,  without  the  addition  of  any 
water  to  make  steam,  a  noncoherent  briquet  was  obtained. 

a  See  table,  p.  37.  b  See  table,  p.  40. 
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Some  of  the  lignite  dry  was  briquetted  with  6  per  cent  of  pitch  B, 
without  steam.  The  resultant  briquet  was  noncoherent.  With 
steam,  however,  a  slightly  better  briquet  was  made.  With  10  per 
cent  of  pitch  B  and  steam  a  briquet  was  obtained  that  was  fair  when 
taken  from  the  mold,  but  when  tested  in  the  fire,  fell  to  pieces. 
With  12  per  cent  of  pitch  B  a  briquet  was  obtained  that  was  also  fair 
when  fresh  from  the  mold,  but  this  also  disintegrated  immecUately 
when  placed  in  the  fire.  Kansas  crude  petroleum  P3  was  added  to 
the  lignite-and-pitch  mixture  without  beneficial  results. 

Results  with  asphaltic  pitch  and  rosin. — The  next  experiments  were 
with  asphaltic  pitch  B3  and  rosin.  With  3  per  cent  of  pitch,  3  per 
cent  of  rosin,  and  94  per  cent  of  dry  hgnite,  molded  under  very  high 
pressure,  a  briquet  only  just  coherent  was  obtained.  With  4  per 
cent  of  this  pitch  and  4  per  cent  of  rosin  a  fair  briquet  was  obtained. 
Five  per  cent  of  the  pitch  and  5  per  cent  of  rosin  gave  a  fairly  strong 
briquet,  whicli  crumbled  slightly.  With  6  per  cent  of  each  a  briquet 
was  obtained  that  was  satisfactory  physically,  but  crumbled  in  the 
fire.  Ten  per  cent  of  pitch  and  2  per  cent  of  rosin,  or  2  per  cent  of 
pitch  and  10  per  cent  of  rosin,  made  fair  briquets,  but  not  equal  to 
the  6  to  6.  All  of  the  briquets  made  with  the  asphaltic  pitch  and 
rosin  crumbled  in  the  fire. 

Results  with  rosin  and  lime. — Another  series  of  experiments  was 
made  on  this  lignite  wdth  rosin  and  lime.  With  6  per  cent  of  rosin, 
2  per  cent  of  quicklime,  and  92  per  cent  of  the  dr}^  lignite,  heated 
with  steam,  a  briquet  was  obtained  that  had  little  or  no  coherence. 
With  a  mixture  of  8  per  cent  of  rosin  and  88  per  cent  of  lignite,  to 
which  was  added  4  per  cent  of  lime  that  had  been  boiled  in  water,  a 
fair  briquet  was  obtained.  If  this  mixture  is  quite  dry  and  is 
squeezed  immediately  on  mixing,  it  will  stand  up  in  the  fire  better 
than  a  briquet  made  with  rosin  alone,  but  it  is  too  soft  to  be  handled. 

Another  sample  of  the  lignite  was  crushed  to  10  and  20  mesh  fineness 
and  heated  until  it  was  charred  black.  Twelve  per  cent  of  rosin  and 
2  per  cent  of  hme,  mixed  in  boiling  water,  when  combined  with  the 
hgnite,  made  a  briquet  that  was  excellent  physically  but  disintegrated 
in  the  fire.  Briquets  made  of  the  hgnite,  previously  mixed  dry  \\dth 
12  per  cent  of  rosin  and  2  per  cent  of  quicklime  and  heated  ^vith 
steam,  cracked  through  the  center  when  the  pressure  was  reheved, 
and  fragments  tested  in  the  fire  disintegrated  completely.  The 
charred  lignite  was  then  ground  to  60-mesh  fuieness  and  tested  \vith 
10  per  cent  of  rosin  and  2  per  cent  of  lime,  but  there  was  no  coher- 
ence at  all  in  the  briquet.  With  12  per  cent  of  rosin  and  2  per  cent 
of  hme  a  poor  briquet  was  obtained  from  this  finely  powdered  mate- 
rial— one  much  inferior  to  that  made  b}^  using  the  coarser  charred 
lignite  and  the  same  ratio  of  rosin  and  hme.  It  also  disintegrated 
completely  in  the  fire. 
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It  was  thought  that  perhaps  by  mixing  a  bituminous  coal  %Wth  the 
lignite  the  binder  would  be  more  effective  in  holding  the  particles  of 
lignite  together.  A  mixture  containing  10  per  cent  of  Pocahontas 
coking  coal,  8  per  cent  of  rosin,  2  per  cent  of  lime,  and  80  per  cent 
of  the  Texas  lignite  was  briquetted.  A  briquet  was  obtained  that  was 
physically  satisfactory,  but  it  did  not  stand  up  in  the  fire  any  better 
than  the  othere. 

Results  with  lime: — The  Texas  hgnite  %vith  8  per  cent  of  lime  alone 
and  steam  made  a  briquet  that  was  good  when  first  taken  from  the 
mold,  but  on  drying  it  began  to  crumble,  indicating  that  lime,  except 
when  used  in  very  large  quantity,  would  not  successfully  briquet  this 
lignite. 

Results  with  asphalt. — Another  series  of  experiments  was  made  with 
the  rubbery  asphalt  B2.  With  12  per  cent  of  the  asphalt  an  excellent 
briquet  was  obtained  by  heating  it  with  the  lignite  and  without  steam. 
The  briquet  was  smooth  and  hard,  but  in  the  fire  acted  hke  the  hme- 
rosin  briquets  and  crumbled.  With  12  per  cent  of  the  asphalt  heated 
with  steam  the  briquet  was  also  physically  good,  and  when  the  mold 
of  the  press  was  warm  the  resultant  briquet  was  ])lack  and  glossy. 
With  10  per  cent  of  the  asphalt  and  steam  the  briquet  was  just  as 
good.  It  did  not,  however,  stand  up  well  in  the  fire.  With  6  per 
cent  of  asphalt  and  4  per  cent  of  the  asphaltic  pitch  B3  and  steam 
the  resultant  briquet  was  almost  noncoherent  while  warm,  but  became 
stronger  on  standing  one  hour.  It  was  a  fair  briquet,  but  disinte- 
gi-ated  in  the  fire. 

Results  with  'petroleum  and  rosin. — The  lignite  was  also  tested  with 
rosin  and  the  petroleum  P2.  With  9  per  cent  of  rosin  and  3  per  cent 
of  petroleum  the  briquets  expanded  immediately  upon  rehef  of  pres- 
sure and  large  cracks  developed.  The  cracks  closed  as  the  briquet 
cooled  and  the  result  was  a  briquet  of  fair  hardness  and  strength; 
however,  it  disintegrated  in  the  fire.  With  7  per  cent  of  rosin  and  5 
per  cent  of  petroleum  P2  the  resultant  briquet  was  too  soft,  sho\\dng 
the  need  of  more  rosin  in  the  mixture.  Some  cracks  developed,  as 
in  the  previous  briquets,  and  in  burning,  the  briquet  disintegrated 
completely.  With  9  per  cent  of  rosin,  3  per  cent  of  petroleum  P2, 
and  3  per  cent  of  slaked  lime,  a  good  briquet  was  obtained  that  did 
not  expand  and  crack  upon  reUef  of  pressure.  It  burned  in  the  fire 
with  some  cohesion,  but  was  no  better  than  the  rosin  and  lime  alone, 
and  there  was  no  apparent  advantage  in  adding  the  petroleum. 

TESTS    WITH    WEST   VIRGINIA    NO.  3." 

West  Virginia  Xo.  3,  a  good  coking  coal,  was  tried  in  the  laboratory 
to  determine  what  could  be  done  toward  briquetting  it  without  any 
binder  whatever.  Heated  to  212"^  F.  and  then  subjected  to  the  max- 
imum pressure  on  the  hand  press,  a  fair  briquet  was  obtained  without 
any  binder.     It  was  not  strong,  however,   and  caked  in  burning, 

a  See  table,  p.  41. 
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When  the  coal  was  heated  until  it  began  to  smoke,  beautiful  lustrous 
briquets  were  obtained,  which  were  httle  stronger  than  the  previous 
ones.  When  heated  until  caking  began  and  then  subjected  to  the 
maximum  pressure  an  excellent  briquet  was  obtained. 

TESTS    WITH    OTHER    COALS. 

Many  other  coals  were  tested  in  the  laboratory  and  it  was  found 
that  in  nearly  all  cases  a  coking  coal  could  be  briquetted  without  the 
introduction  of  any  binding  material.  In  these  experiments  it  was 
noted  that  the  coal  needed  to  be  heated  until  it  began  to  cake  and 
that  the  hot  coal  had  to  be  fed  direct  to  the  press,  as  even  shght  cool- 
ing seemed  to  diminish  its  briquetting  properties.  Another  pecul- 
liarity  indicated  by  a  number  of  experiments  was  that  after  the  coal 
had  been  heated  until  it  began  to  cake  and  was  then  cooled  and 
reheated  it  lost  some  of  its  briquetting  properties. 

BINDERS  USED  IN  LATER  ST.  LOUIS  AND  NORFOLK  TESTS. 

In  view  of  European  tests  and  the  results  of  previous  experiments 
at  St.  Louis  no  binder  was  investigated  except  two  of  the  pitches 
derived  from  the  distillation  of  the  tar  obtained  as  a  by-product  in 
the  manufacture  of  illuminating  gas,  namely,  water-gas  pitch  (abbre- 
viated to  W.  G.  P.)  and  coal-tar  pitch  (abbreviated  to  C.  T.  P.). 
In  order  to  obtain  data  that  would  be  comparable,  aU  briquets  in 
any  one  lot  were  made  with  6  to  8  per  cent  of  the  same  binder. 

The  ''flowing  test"  used  at  St.  Louis  for  determining  the  hardness 
of  the  pitch  was  made  in  the  following  manner:  The  bulb  of  the  ther- 
mometer was  covered  with  a  thin  layer  of  melted  pitch,  which  was 
allowed  to  harden.  The  thermometer  was  passed  through  a  cork 
fitted  in  the  mouth  of  a  test  tube,  so  that  the  bottom  of  the  thermome- 
ter bulb  was  held  2  inches  from  the  bottom  of  the  tube.  The  test 
tube  was  then  held  in  a  vertical  position  in  a  beaker  of  boiling  water. 
As  the  pitch  became  soft  it  gradually  dropped  from  the  thermometer 
in  the  form  of  a  thread,  and  the  temperature  recorded  when  this 
thread  reached  the  bottom  of  the  test  tube  was  called  the  "flowing 
point." 

A  method  of  determining  the  melting  point  of  pitches  that  was 
used  m  testing  some  of  the  binders  is  more  practical  than  the  method 
given  above.  It  is  an  English  method,  devised  by  F.  G.  Holmes,  "• 
the  details  bemg  as  follows: 

Several  pieces  of  pitch  are  selected  from  different  parts  of  the 
sample  and  cut  into  ^-inch  cubes.  The  cubes  are  supported  on 
20-gage  wires  by  heating  the  ends  of  the  wires  and  pressing  them 
into  the  pieces  of  pitch.  They  are  then  suspended  in  a  500-c.  c. 
beaker  of  water,  and  heated  by  any  convenient  means  at  a  uniform 

a  Thorpe,  Edward,  Dictionary  of  applied  chemistry,  1913,  vol.  4,  p.  290. 
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rate  of  5°  C.  (9°  F.)  per  minute.  The  cubes  are  placed  on  a  level 
with  the  bulb  of  the  thermometer;  as  the  temperature  rises  the 
pieces  of  pitch  are  removed  from  time  to  time  and  twisted  or  squeezed 
with  the  hngei's  and  the  temperatm-es  noted  at  which  they  become: 

(1)  Soft,  so  that  the  pitch  can  be  readily  twisted  around  several 
times. 

(2)  Very  soft,  so  that  the  pitch  yields  to  a  very  light  pressure  of 
the  fingers. 

(3)  Fused,  so  that  the  pitch  melts  off  of  the  wire. 

Soft  pitch  softens  at  104°  and  melts  at  140°  F.  Moderately  hard 
pitch  softens  at  140°  and  melts  at  about  176°  F.  Hard  pitch  softens 
at  176°  and  melts  at  about  248°  F.  For  this  type  of  pitch  it  is  neces- 
sary to  use  a  bath  of  oil  or  glycerin  in  place  of  the  bath  of  water  in 
which  to  heat  the  cubes. 

A  fractional  distillation  of  the  pitch  was  made  as  another  verifica- 
tion of  its  quality.  From  tliis  distillation  the  oils  conung  off  under 
572°  F.,  between  572°  and  680°  F.,  and  between  680°  and  743°  F. 
were  recorded.  Pitch  that  at  the  temperature  of  the  mouth  could 
be  bitten  nearly  through  before  breaking  proved  the  most  satisfactory 
binder  for  most  coals  briquetted.  The  results  of  the  tests  of  binders 
used  in  the  later  briquetting  tests  at  St.  Louis  and  Norfolk  are  given 
in  the  following  table : 

Tests  of  pitches  used  at  St.  Louis  and  Norfolk. 


Distillation  test. 

Lot 

Extracted 
by  carbon 

Heat 

Free 

Flow- 

Labora- 

Kind of 

tory  No. 

No. 

bisul- 

value. 

carT)on. 

ing 
point. 

Oils 

Oils  from 

Oils  from 

Total 

pitch. 

phide. 

up  to 

572°  P.  to 

680° F.  to 

oils  up  to 

572°  F. 

680°  F. 

743°  F. 

743°  F. 

B.  t.  u. 

P.ct. 

°F. 

P.ct. 

Per  cent. 

Per  cent. 

Per  cent. 

2735 

58.56 

41.44 

187 

(a) 

(a) 

(a) 

C.  T.  P. 

2729 

61. 20 

38.80 

255 

C.  T.  P. 

2748 

89.20 

10.70 

144 

(a) 

(a) 

(a) 

(») 

W.  G.  P. 

2933 

...... 

64.20 

""is;  937' 

35.70 

176 

C) 

C.  T.  P. 

3258 

80.27 

16,373 

19.73 

179 

3.66 

12.30 

15.23 

31.19 

W.  G.  P. 

3257 

2 

84.10 

16,137 

15.90 

163 

.76 

11.28 

12.78 

24. 82 

W.  G.  P. 

3296 

3 

82.43 

16,427 

17.58 

171 

2.00 

14.0 

8.50 

24.50 

W.  G.  P. 

3293 

4 

63.  (M 

15,941 

36.36 

165 

3.08 

11.57 

11.82 

26.47 

C.  T.  P. 

3410 

5 

79.98 

16, 478 

20.02 

175 

.85 

15.21 

9.11 

25.11 

W.  G.  P. 

3486 

6 

85.57 

16,407 

14.43 

187 

1.75 

6.00 

17.00 

24.75 

W.  G.  P. 

3623 

7 

69.26 

16,027 

30.74 

165 

.85 

11.15 

10.15 

22.15 

C.  T.  P. 

3624 

8 

89.  ()0 

16, 193 

10.40 

172 

1.25 

10.35 

8.40 

20.00 

W.  G.  P. 

3692 

9 

69.71 

16,103 

30.29 

158 

1.89 

10.90 

10.03 

22.82 

C.  T.  P. 

3885 

10 

95.20 

16,870 

4.80 

140 

1.43 

14.83 

18.18 

34.44 

W.  G.  P. 

3962 

11 

77.  79 

16,196 

29. 21 

159 

3.00 

12.75 

10.75 

26.50 

W.  G.  P. 

4120 

12 

97.  70 

17,060 

2.30 

154 

.75 

11.25 

17.25 

29.25 

W.  G.  P. 

4318 

13 

90.42 

16.744 

9.58 

165 

1.00 

11.10 

13.50 

25.60 

W.  G.  P. 

4319 

14 

66.25 

16,139 

33.  75 

158 

2.75 

10.35 

9.90 

23.00 

C.  T.  P. 

4543 

15 

99.66 

16,969 

.36 

144 

1.62 

17.31 

20.12 

39.05 

W.  G.  P. 

4683 

16 

89.31 

16,637 

10.  m 

162 

1.28 

11.64 

16.06 

28.98 

W.  G.  P. 

4625 

17 

90.56 

16, 576 

9.44 

156 

1.61 

9.56 

14.30 

25.47 

W.  G.  P. 

4806 

18 

%.90 

16,864 

3.10 

144 

1.09 

9.44 

15.23 

25.76 

W.  G.  P. 

4879 

19 

94.50 

16,805 

5.50 

126 

1.33 

16.53 

15.15 

33.01 

W.  G.  P. 

4825 

20 

100.00 

17,156 

.0 

115 

.46 

1.05 

4.25 

5.76 

(») 

5458 

21 

92. 92 

16, 893 

7.08 

189 

.88 

12.34 

22.44 

35.66 

W.  G.  P. 

5563 

22 

90.33 

16,718 

9.67 

201 

1.45 

10.32 

11.30 

23.07 

W.G.  P. 

5939 

23 

98.13 

16.  781 

1.87 

194 

1.87 

4.21 

14.54 

20.62 

W.G.  P. 

5941 

24 

98.44 

16, 978 

1.56 

196 

1.71 

14.05 

16.20 

31.96 

W.G.  P. 

5940 

26 

96.60 

16.780 

3.40 

178 

1.27 

9.88 

17.75 

28.90 

W.  G.  P. 

12009 

2S 

64.24 

15,608 

35.76 

158 

24.0 

6.19 

3.53 

33.82 

C.  T.  P. 

a  Data  lost  in  fire. 


6  Wax  tailings. 
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Percentage  of  hinder. — ^In,  handling  a  given  sample  of  coal  various 
percentages  of  binder  were  used  in  briquetting  lots  of  600  pounds. 
In  all  cases  the  fuel  and  the  binder  were  weighed  separately,  and  the 
percentages  of  binder  given  are  taken  from  these  figures.  The 
extraction  analyses  by  carbon  bisulphide,  the  results  of  which  for 
binders  are  given  in  the  above  table,  were  made  from  carefully  selected 
samples  of  coals,  pitches,  and  briquets,  and  the  percentage  of  binder 
in  the  finished  product  was  calculated  from   these  determinations." 

The  flour  used  as  a  binder  at  Norfolk  (laboratory  No.  6110)  had 
the  following  approximate  analysis : 

Per  cent. 

Moisture 13.  30 

Volatile  combustible 72.  30 

Fixed  carbon 13.  50 

Ash 90 

Sulphur 10 

Its  heating  value  was  6,998  British  thermal  units. 
OTHER  BINDER  INVESTIGATIONS. 

In  the  laboratory  investigations  of  J.  E.  Mills  the  substances  named 
below  were  tested  as  binding  materials  in  the  manufacture  of  briquets. 

INORGANIC    BINDERS. 

Some  inorganic  materials  used  as  binder  are:  Clay,  lime,  magnesia, 
magnesia  cement  (magnesia  oxide  and  magnesium  chloride),  plaster 
of  Paris,  Portland  cement,  natural  cement,  slag  cement,  water  glass. 

ORGANIC    BINDERS. 

Some  of  the  organic  materials  used  as  binders  are: 

(1)  Wood  products,  such  as  rosin,  pitch  (rosin  and  tar),  pine  tar, 
hardwood  tar,  Douglas  fir  tar,  wood  pulp,  sulphite  liquor  (from  paper 
mills). 

(2)  Sugar-factory  residues,  such  as  beet  pulp,  lime  cake,  beet-sugar 
molasses,  cane-sugar  molasses. 

(3)  Starch,  such  as  corn  starch,  potato  starch. 

(4)  Slaughterhouse  refuse. 

(5)  Tars  and  pitches  from  coal,  such  as  blast-furnace  tar,  producer- 
gas  tar,  illuminating-gas  tar  (from  coal),  by-product  coke-oven  tar, 
coal-tar  creosote,  various  gi-ades  of  pitches  from  various  tars. 

(6)  Natural  asphalts,  such  as  impsonito,  gilsonite,  maltha,  refined 
Trinidad,  refined  Bermuda,  hard  and  refined  or  gum  (from  impreg- 
nated saadstone,  etc.). 

(7)  Petroleum  products,  such  as  crude  oil,  residuum  (asphalts,  etc.), 
water-gas  tar,  water-gas  tar  pitch,  wax  tailings,  acid  sludge,  asphalt 
tar,  Pintsch-gas  tar,  Pittsburgh  flux. 

a  See  description  of  extraction  test  under  heading  "Tests  Applied  to  Briquets." 
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CHARACTER    AND    RESULTS    OF   THE    INVESTIGATIONS. 

These  investigations  related  not  only  to  the  nature  and  the  amount 
of  the  binder  necessary  for  making  satisfactory  briquets  with  each  of 
the  several  coals  tested,  but  also  to  the  extent  to  which  the  binding 
quality  of  certain  of  these  materials  might  be  improved  by  the  admix- 
ture of  another  bindmg  material  or  another  variety  of  coal. 

Unless  otherwise  stated,  20  grams  of  each  coal  was  mixed  with  the 
different  percentages  of  the  bindmg  material  and  placed  in  a  Bat- 
tersea  crucible. .  A  small  proportion  of  water  was  then  added  and  the 
mixture  heated  with  sufficient  stin-mg  to  thoroughly  mix  the  binder 
and  the  coal  until  steam  came  off  freely  and  only  a  small  proportion  of 
water  was  left.  A  part  of  the  mixture,  while  still  hot,  was  pressed  in 
a  small  laboratory  hand  press,  at  a  pressure  of  3,500  to  4,000  pounds 
per  square  inch.     Each  briquet  weighed  approximately  5  grams. 

The  use  of  inorganic  binding  materials  is  not  likely  to  prove  practi- 
cable under  ordinary  conditions,  except  when  coking  coals  can  not  be 
obtainetl  to  mix  with  noncoking  coals.  A  small  percentage  ot  inor- 
ganic materials  (such  as  magnesium  oxide  or  carbonate,  or  plaster  of 
Paris),  if  added  to  other  binding  materials,  may  cause  the  briquets  to 
hold  together  better  in  the  fire. 

Of  the  more  specific  results  in  the  testing  of  different  binding  mate- 
rials the  following  tentative  statements  are  made,  pending  further 
investigations : 

The  use  of  clay,  lime,  and  cement  as  binding  materials  was  found 
entirely  unsatisfactory,  for  the  reason  that  they  added  largely  to  the 
ash  constituent  of  the  briquet.  The  briquets  made  with  these 
binders  disintegrated  on  exposure  to  water  and  weather.  To  water- 
proof them  by  soaking  in  oils,  etc.,  was  found  difficult  and  expensive. 
Water  glass  (or  sodium  silicate)  was  also  unsuitable  for  use  in  this 
connection. 

Briquets  containing  4  to  6  per  cent  of  magnesium  oxide  used  as  a 
binder  held  together  satisfactorily  in  dry  weather  and  m  the  fire,  but 
they  disintegrated  on  exposure  to  rainy  weather  or  when  immei-sed 
in  water. 

In  the  tests  with  2  to  12  per  cent  of  plaster  of  Paris  used  as  a 
binder,  the  briquets  made  were  hard  but  brittle,  and  quickly  disinte- 
grated. Three  per  cent  of  magnesia  mixed  with  6  to  8  per  cent  of 
water-gas  tar  pitch  seemed  to  make  a  stronger  briquet  than  the  same 
percentage  of  pitch  used  alone;  but  the  improvement  in  the  quality 
of  the  briquets  is  not  considered  sufficient  to  cover  the  additional  cost 
of  the  magnesia  and  the  additional  percentage  of  ash  that  it  brings 
into  the  briquet. 

None  of  the  sugar-factory  residues  was  considered  satisfactory  as 
a  binding  material.     The  briquets  made  with  them  disintegrate  on 
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exposure  to  the  weather,  and  no  cheap  waterproofing  has  as  yet 
proved  satisfactory. 

Xone  of  the  wood  products,  when  used  alone,  was  regarded  as  satis- 
factory. Some  of  these  materials  used  in  combination  with  other 
binders  gave  results  of  some  promise  and  deserve  further  investiga- 
tion. 

The  tests  made  using  0.5  to  3  per  cent  of  starch  as  a  binding  mate- 
rial with  different  coals  gave  strong  briquets.  They  were  smokeless 
and  held  together  in  the  fire  until  completely  consumed;  but  these 
briquets  went  to  pieces  when  wet  or  exposed  to  the  weather  for  a  con- 
siderable period  of  time.  Experiments  as  to  the  possibility  of  cheaply 
waterproofing  the  briquets  bound  Avith  starch,  so  as  to  make  them 
hold  together  when  exposed  to  water,  were  sufiiciently  successful  to 
warrant  further  investigation  in  this  direction.  Starch  is  obtainable 
in  large  quantities  and  can  be  produced  in  almost  any  part  of  the 
country.  Crude  starch  can  probably  be  obtained  at  less  than  $20  per 
ton.  At  this  price  the  use  of  1  per  cent  of  starch  as  a  binder  would 
add  only  20  cents  per  ton  to  the  cost  of  the  briquets. 

The  scarcity  and  high  price  of  slaughterhouse  refuse  would  prohibit 
its  use  as  a  binding  material  for  briquets.  Satisfactory  results  were 
not  obtained  m  the  tests. 

The  tests  with  coal  tars  and  the  different  grades  of  pitch  made  from 
those  tars  indicated  that  probably  in  the  pitches  the  most  satisfactory 
binders  for  the  manufacture  of  briquets  will  be  found;  and  that  these 
can  be  made  at  a  price  that  will  bring  the  cost  of  the  binding  material 
used  to  not  more  than  50  to  75  cents  per  ton  of  briquets.  Briquets 
made  from  a  majority  of  the  bituminous  coals  wdth  a  good  grade  of 
pitch  as  a  binder  burn  well  and  are  sufficiently  strong  to  bear  ordinary 
handling.  They  will  stand  exposure  to  the  weather  for  a  number  of 
years  without  serious  deterioration.  The  supply  of  pitch  is  large, 
and  can  easily  be  increased.  The  price  now  ranges  from  $9  to  $11 
per  ton.  The  pitches  obtained  from  different  plants  and  those 
obtained  at  different  times  from  the  same  plants  vary  considerably, 
not  only  in  their  boiling  points,  but  in  other  respects;  and  in  the  case 
of  similar  pitches  the  percentage  necessary  for  the  proper  working  of 
different  coals  seemed  to  vary  according  to  differences  in  the  quality 
of  the  coals.  It  was  found  to  be  better  to  mix  with  a  noncoldng  coal 
10  to  20  per  cent  of  a  coking  coal,  rather  than  to  increase  the  per- 
centage of  pitch. 

In  the  investigation  of  the  asphalts  as  binding  materials,  impsonlte 
from  the  Indian  Territory  (Oklahoma)  was  rather  unsatisfactory.  In 
a  number  of  tests  Avith  noncoldng  coals  the  result  was  improved  by 
the  addition  to  such  coal  of  5  to  10  per  cent  of  impsonite  in  addition 
to  3  to  5  per  cent  of  ordinary  pitch  or  some  other  binding  material. 
Four  to  eight  per  cent  of  gilsonite  and  other  asphalts  from  Utah  gave 
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fairly  satisfactory  results  as  binders.  These  materials  are  found  in 
Utah  and  elsewhere  in  large  quantities.  The  price  at  present  is  too 
high  to  permit  their  extensive  use. 

Experiments  with  several  other  asphaltic  materials  were  not  alto- 
gether satisfactory.  Asphaltic  tar  yielded  fairly  good  results  as  a 
waterproofing  material  in  briquets  made  vnth  starch. 

Four  to  six  per  cent  of  maltha  (a  liquid  asphalt)  used  as  a  binder 
yielded  fairly  satisfactory  results  with  coking  coals.  With  noncoking 
coals  it  was  m sufficient. 

Crude  petroleums  have  been  tested  as  bmding  materials,  with  satis- 
factory results.  Six  to  eight  per  cent  of  asphaltic  petroleum  was  used 
successfully  in  waterproofing  briquets  made  with  a  starch  binder.  It 
is  doubtful  whether  such  use  would  prove  entirely  satisfactory  on  a 
commercial  scale. 

The  petroleum  residuums  proved  to  be  successful  binding  materials 
somewhat  in  proportion  as  the  percentage  of  asphalt  m  them  increased. 
That  obtained  from  the  Gulf  Refining  Co.,  of  Port  Arthur,  Tex., 
melted  at  a  temperature  of  212°  F.,  and  about  99.38  per  cent  was  sol- 
uble in  carbon  bisulphide.  Another  sample  of  asphaltic  petroleum 
from  the  Gulf  Refining  Co.  flowed  at  a  temperature  of  203°  F.,  and  car- 
bon bisulphide  dissolved  99.88  per  cent.  Four  to  six  per  cent  of  this 
material  gave  excellent  results  as  a  bmder  for  briquets.  Water-gas 
tar,  which  is  obtained  from  illuminating-gas  plants,  was  not  tested 
sufficiently  to  give  satisfactory  results.  It  is  necessary,  after  this 
material  is  mixed  with  the  coal,  to  raise  its  temperature  sufficiently 
high  to  liquefy  and  perhaps  even  vaporize  it. 

The  water-gas  pitch  furnished  by  the  Barrett  Manufacturing  Co. 
flowed  at  a  temperature  of  198°  F.  Four  and  one-half  to  seven  per 
cent  of  this  pitch  is  equivalent  to  6  to  8  per  cent  of  coal-tar  pitch, 
and  makes  satisfactory  briquets.  The  cost  of  this  binder  would  be 
from  45  to  65  cents  per  ton  of  briquets. 

The  wax  tailings  used  in  these  investigations  were  obtained  from 
the  Standard  Oil  Co.  They  melt  at  about  158°  F.  Four  to  six  per 
cent  of  this  material  produces  good  briquets.  The  quantity  of  this 
material  produced  in  the  United  States  is  small,  and  the  price  is  about 
6  cents  per  gallon.  This  price  would  make  the  binding  material  used 
in  a  ton  of  briquets  cost  approximately  45  to  60  cents. 

Tests  made  with  acid  sludge  as  a  binder  were  not  satisfactory. 
The  dudge  not  only  added  the  unwelcome  sulphur,  but  its  binding 
qualities  were  inferior. 

Asphalt  tar  was  unsatisfactory  as  a  binder,  even  when  8  to  12  per 
cent  was  used,  inasmuch  as  the  briquets  fell  to  pieces  in  the  fire.  Its 
use  for  waterproofing,  wlien  starch  or  other  material  had  been  used 
as  a  binder,  proved  fairly  satisfactory. 
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Pintsch-gas  tar  was  obtainable  in  so  small  a  quantity  that  only 
preliminary  tests  were  made  covering  its  use  as  a  binder,  and  they 
were  only  partly  satisfactory. 

In  making  coal  briquets  binding  is  most  successful  when  the  parti- 
cles of  coal  are  coated  and  when  the  void  spaces  are  filled  with  the 
binding  material.  This  is  best  accomplished  when  the  temperature 
of  the  mixture,  before  compression,  is  raised  sufficiently  to  liquefy  or 
vaporize  the  binder.  The  relation  between  the  coal  and  the  binder 
seems  to  be  physical  rather  than  chemical,  though  it  is  possible  that 
certain  minor  chemical  changes  may  accompany  the  briquetting 
operation. 

The  quantity  of  the  binding  material  necessary  will  therefore  depend 
on  the  aggregate  of  the  surfaces  of  the  coal  particles  to  be  coated,  on 
the  void  spaces  to  be  filled,  and  on  the  general  physical  and  chemical 
character  of  the  coal.  Coking  coals  require  less  binder  than  noncok- 
mg  coals.  The  percentage  of  binder  necessary  for  noncoking  coals 
may  be  diminished  and  the  quality  of  the  briquet  improved  by  the 
addition  of  10  to  20  per  cent  of  coking  coal. 

Furthermore,  when  coal  is  finely  pulverized  the  briquetting  is 
facilitated  by  the  mixture  of  a  considerable  percentage  of  the  same  or 
another  coal — ^preferably  a  nonslacking  coal — crushed  to  sizes  ranging 
from  T6  to  i  inch. 

The  following  are  mentioned  as  the  more  important  requisites  of  a 
suitable  binding  material  for  use  in  the  manufacture  of  briquets: 

(1)  It  must  be  inexpensive,  on  account  of  the  small  difference 
between  the  prices  of  slack  or  fine  coal  and  lump  coal. 

(2)  It  should  be  capable  of  abundant  production  in  different  parts 
of  the  country,  in  order  to  avoid  the  necessity  of  long  transportation. 

(3)  It  should  be  of  such  character  as  to  make  it  easily  handled  and 
applied  at  workable  temperatures. 

(4)  It  should  hold  the  briquet  together,  not  only  during  ordinary 
handling  and  transportation,  but  also  during  protracted  exposure  to 
the  weather  and  while  burning. 

(5)  It  should  not  add  appreciably  to  the  ash  of  the  coal  nor 
increase  the  clinker  formation  in  the  ash.  It  should  not  give  off 
fumes  nor  seriously  increase  the  smoke  in  the  burning  of  the  briquets. 
Binding  materials  that  have  a  low  melting  or  boiling  temperature 
give  off  more  smoke  because  of  the  fact  that  this  smoke  originates 
at  a  temperature  too  low  for  complete  combustion. 

(6)  It  shoidd  increase  the  heating  quality  of  the  coal  used  in  the 
manufacture  of  the  briquets. 

TESTS  OF  AMERICAN  LIGNITE  IN  GERMANY. 

In  August,  1904,  under  the  supervision  of  J.  A.  Holmes,  samples 
of  lignite  from  Lehigh,  N.  Dak.,  and  from  near  Rockdale,  Tex., 
were  shipped  to  Magdeburg  and  Zeitz,  Germany,  to  determine  the 
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feasibility  of  briquetting  these  lignites  with  the  German  presses. 
The  tests  conducted  by  Dr.  Holmes  were  successful,  and  the  briquets 
made  with  these  lignites  subsequently  stood  the  tests  applied  to  the 
German  lignite  briquets,  which  are  extensively  used  for  domestic 
purposes. 

To  a  part  of  the  briquets  made  at  Magdeburg  2  per  cent  of  ordiaary 
coal-tar  pitch  was  added,  with  the  view  of  determinmg  what,  if  any, 
advantage  would'  result  from  such  an  addition.  Laboratory  tests 
indicated  that  the  briquets  to  which  this  pitch  was  added  burned 
more  rapidly,  with  more  flame,  and  at  a  higher  heat  efficiency  than 
those  without  it,  and  the  North  Dakota  lignite  seemed  to  give  off 
fewer  sparks  m  burning.  It  is  estimated  that  the  cost  of  manufac- 
tiu-mg  these  briquets  (not  mcluding  the  cost  of  the  lignite)  should 
not  exceed  50  cents  per  ton.  The  analyses  of  the  lignite  briquets 
made  at  Magdeburg  are  as  follows: 

Analyses  of  briquets  made  at  Magdeburg,  Germany  (lignite  dried  be/ore  briquetting). 


From  Lehigh, 
N.  Dak. 


Without 

pitch  or 

other 

binder. 


With  2 
per  cent 
of  pitch 
added. 


From  Rockdale, 
Tex. 


Without 

pitch  or 

other 

binder. 


With  2 
per  cent 
of  pitch 
added. 


Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calories 

British  thermal  units 

Moisture  in  undried  sample  of  lignite  as  received  at  Magdeburg . 


12.96 
37.79 
38. 03 
10.62 
.75 

4.99 
52.88 
.65 
.30. 11 
4,941 
8,894 
28.87 


11.92 

38.68 

41.11 

8.99 

1.04 

5.09 
56.26 
.73 
27.89 
5,332 
9,598 


40.92 

41.90 

8.30 

.97 

5.21 
59.06 
1.15 
25.31 
5,682 
10,228 

32.07 


8.92 

41.33 

42.35 

7.40 

1.07 

5.23 
59.61 

1.14 
25.55 

5,828 
10,490 


I^BORATORY  INVESTIGATIONS  OF  BINDERS  AND  FUELS. 

During  the  past  three  years  the  author  has  carried  on  at  Pittsburgh 
laboratory  briquetting  investigations  of  certain  binding  materials,  using 
the  hydraulic  hand  press  previously  described .  As  the  work  progressed, 
it  was  found  desirable  to  record  data  that  were  not  considered  essen- 
tial in  the  earlier  experiments;  hence  data  for  the  different  tests 
are  not  alike  complete.  These  laboratory  tests  should  not  be  con- 
fused with  the  tests  made  on  the  large  machines.  No  attempt  was 
made  to  prepare  briquets  in  sufficient  quantity  for  combustion  tests, 
as  the  object  of  the  tests  was  merely  to  study  the  briquetting  qualities 
of  various  fuels  and  binders. 
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METHOD  OF  MAKING  LABORATORY  BRIQUETTING  TESTS. 

In  makiag  a  laboratory  test  when  the  mixture  was  heated  by  steam, 
1,000  grams  of  a  mixture  of  fuel  and  binder  was  prepared,  using  the 
proper  proportion  of  the  binder.  If  a  solid  binder  was  used,  it  was 
first  crushed  to  pass  a  20-mesh  sieve.  If  liquid  or  viscous  binders 
were  being  tested,  they  were  warmed  sufficiently  to  cause  them  to 
mix  thoroughly  with  the  coal.  The  fuel  and  the  binder  in  either  case 
were  mixed  by  kneading  and  stirring  until  a  uniform  mixture  was 
obtained.  Two  hundred  grams  of  this  mixture  was  placed  in  a 
j  2-quart  pan  and  live  steam  (as  dry  as  possible  but  not  superheated) 
was  blown  into  the  mixture  through  a  -|-inch  pipe  bent  at  right 
angles  and  attached  to  a  flexible  rubber  hose.  This  heating  was 
carried  on  for  periods  of  20,  30,  60,  90,  or  120  seconds,  as  found 
advisable  from  previous  experiments  with  fuels  of  similar  type. 
After  weighing  to  determine  the  gain  in  moisture,  the  mixture  was 
transferred  to  the  mold  of  the  hydraulic  press  and  the  temperature 
noted.  A  reading  was  made  on  the  plunger  to  determine  the  length 
of  the  mixture  before  compression.  Pressure  was  then  appHed  and 
registered  on  a  large  gage.  When  the  desued  pressure  had  been 
obtained,  another  plunger  reading  was  made,  and  the  difference 
between  this  and  the  reading  before  compression  gave  the  reduction 
of  volume. 

DESIGNATED  QUALITIES    OF    BRIQUETS. 

The  values  of  the  letters  A,  B,  C,  D,  or  E,  used  in  the  tables  to 
designate  the  quality  of  fresh  briquets  and  of  air-dried  briquets,  are 
as  follows : 

A:  An  excellent  briquet,  difficult  to  fracture  with  the  hands,  and 
having  smooth,  firm  surfaces  and  sharp,  strong  edges. 

B:  A  good  briquet,  lacking  some  of  the  qualities  mentioned  under 
A,  but  yet  a  satisfactory  and  practical  briquet. 

C:  A  fair  briquet,  somewhat  lacking  in  strength  and  somewhat 
rough  and  soft  on  the  surface  and  with  edges  that  crumble  easily, 
so  that  it  is  hardly  a  satisfactory  briquet. 

D:  A  briquet  of  poor  quality  and  entirely  unsatisfactory,  lacking 
strength,  smooth  surface,  and  firm  edges. 

E:  A  briquet  so  poor  that  it  crumbled  to  pieces  when  removed 
from  the  mold. 

The  abbreviation  "S.  J."  in  the  table  under  the  item  "Method  of 
Heating"  indicates  the  use  of  a  steam  jet.  The  letters  W.  G.  P. 
represent  water-gas  pitch. 

COMPRESSION    TEST. 

As  a  measure  of  the  strength,  the  compressive  strength  or  the 
amount  of  pressure  the  laboratory  briquets  would  stand  without 
breaking  was  more  closely  comparable  than  that  noted  in  briquets 
made  on  the  larger  presses. 
92012°— Bull.  58—13 6 
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In  the  following  table  are  given  the  physical  and  chemical  character- 
istics of  the  buiders  used  in  the  laboratory  tests : 

Binders  used  in  laboratory  hriquetting  tests. 


Labo- 
ratory 
No." 

Kind  of  binder. 

Ex- 
tracted 

by 
carbon 
bisul- 
phide. 

Heat 

value. 

Flow- 
ing 
point. 

Proximate  analysis. 

Lot 
No. 

Mois- 
ture. 

Vola- 
tOe 

com- 
bustible 
matter. 

Fixed 
carbon. 

Ash. 

Sul- 
phur. 

26 

5940 
9298 
11990 
14768 
12515 
14769 

Water-gas  pitch 

Cell  pitch 

Per  ct. 
96.60 

B.  t.  u. 

16, 780 
6,550 

14, 233 
6,856 
4,586 
4,  734 

°F. 

178 
(a) 
82 

27 

8.10 

1.20 

13.83 

39.16 

37.98 

57.79 
78.87 
78.18 
43.04 
38.59 

9.09 
19.67 
7.99 
8.69 
13.52 

25.04 

.26 

.0 

9.11 

9.91 

2.21 

29 
31 

I  lard  wood- tar  pitch 
\\hi'at  flour 

.14 
12 

32 

3.13 

34 

.    ..do 

3  06 

a  Burned  to  ash  without  melting. 
TESTS    WITH    PITTSBURGH    NO.  15. ** 


The  data  obtamed  from  laboratory  tests  of  Pittsburgh  No.  15  and 
various  binders  are  given  in  the  following  tables: 

Laboratory  briquetting  tests  of  Pittsburgh  No.  15  without  binder. 


Test  No. 

L158. 

L  169A. 

L  169B. 

L  1690. 

L  169D. 

L  169E. 

L  169F. 

Size  as  used: 

Over  i  inch,  per  cent 

1^5  to  J  inch,  per  cent 

0.8 

45.3 

32.4 

11.7 

9.8 

Warm. 

None. 

S.J. 

200 
200 

Undried. 

14,000 

30.7 

0.8 

45.3 

32.4 

11.7 

9.8 

Cold. 

None. 

Cold. 

200 
200 

Dried. 

14,000 

10.0 

0.8 

45.3 

32.4 

11.7 

9.8 

182 

None. 

S.J. 

200 
205 

Dried. 

14,000 

10.0 

4.0 

14.0 

i 

46 

D 
D 

0.8 
45.3 
32.4 
11.7 

9.8 

178 

None. 

S.J, 

100 

0.8 

45.3 

32.4 

11.7 

9.8 

192 

None. 

S.  J. 

0.8 
45.3 
32.4 
11.7 
9.8 
Cold. 
None. 

0.8 

35  ^0  ta  inch,  per  cent 

f\s  to  j\  inch,  per  cent 

Through  ^v,  inch,  per  cent . . . 

Briquetting  temperature,  °F 

Binder,  amoiuit  used,  per  cent. . 
Method  of  heating  used 

9.8 
Cold. 
None. 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

200 

100 
100 

Dried. 

30,000 

10.0 

0 

10.0 

100 
100 

Condition  of  fuel,  dried  or  un- 
dried   

Dried. 

30,000 

10.0 

3.0 

13.0 

i 

Dried, 

6,000 

10.0 
5.0 
15.0 

i 

Dried 

Pressure     used,     pounds     per 
square  inch 

20,000 
10.0 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  percent.. 

0 

In  briquet,  per  cent 

10.0 

Length  of  heat  ing,  minutes 

Reduction  of  volume  by  press- 
square  inch ■ 

Quality.of  briquet: 

Fresh* 

E 

D 
D 

D 
D 

E 
E 

D-l- 
D-l- 

D-h 

Air-dried6 

D-t- 

o  See  table,  p.  39. 


J>  See  p.  71  for  value  of  letters. 
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Laboratory  briquetting  tests  of  Pittsburgh  No.  15  with  water-gas  pitch  binder. 


Test  No. 


L160. 


L161. 


L162. 

L170. 

0.8 

0.8 

45.3 

45.3 

32.4 

32.4 

11.7 

11.7 

9.8 

9.8 

172 

186 

26 

26 

8 

4 

S.J. 

S.J. 

200 

200 

208 

208 

Undried. 

Dried. 

6,000 

6,000 

30.7 

10.0 

6.0 

4.5 

36.7 

14.5 

i 

i 

45 

46 

200 

200 

D 

D 

D 

D 

L  171. 


L  172. 


Size  as  used: 

Over  \  inch,  per  cent 

yV  to  J  inch,  per  cent 

-^  to  t'o  inch,  per  cent 

■in  to  15  inch,  per  cent 

Through  ^  inch,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch . . . 
Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength, pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


0.8 
45.3 
32.4 
11.7 
9.8 
156 

26 

4 

S.J. 

200 

207 

Undried. 

6,000 

30.7 

5.5 

36.2 

§ 

45 

200 

D 
D 


0.8 

45.3 

32.4 

11.7 

9.8 

156 

26 

6 

S.J. 

200 
207 
Undried. 
6,000 

30.7 

5.5 

36.2 

h 
45 
200 

D 
D 


0.8 
45.3 
32.4 
11.7 
9.8 
177 


S.J. 

200 

207 

Dried. 

6,000 

10.0 
4.0 
14.0 
i 
46 
300 

D 

C 


0.8 
45.3 
32.4 
11.7 
9.8 
175 

26 

8 

S.J. 

200 

208 

Dried. 

6,000 

10.0 
4.5 
14.5 
i 
46 
650 

C 
B 


Laboratory  briquetting  tests  of  Pittsburgh  No.  15  with  wheat-flour  binder. 


Test  No. 


L166. 


L167. 


L168. 


L175. 


L177. 


L178. 


Size  as  used: 

Over  \  inch,  per  cent 

yV  to  \  inch,  per  cent 

^Sj  to  -jV  inch,  per  cent 

■n  lo  ^V  inch,  per  cent 

Through  ^,'5  inch,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amoimt  used,  per  cent 

Met  hod  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Presstire  used,  pounds  per  square  inch. . . 
Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  poimds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


0.8 
45.3 
32.4 
11.7 
8.8 
196 

31 

3 

S.J. 

200 
208 
Undried. 
6,000 

30.7 

7.0 

37.7 

1 

42 

600 

C 
B 


0.8 
45.3 
32.4 
11.7 
8.8 
191 

31 

5 

S.J. 

200 
211 
Undried. 
6,000 

30.7 

7.5 

38.2 

1 

43 

1,000 

A 
A 


0.8 

45.3 

32.4 

11.7 

8.8 

181 

31 

7 

S.J. 

200 
210 
Undried. 
6,000 

30.7 

7.5 

38.2 

1 

40 

1,125 

A 
A 


0.8 
45.3 
32.4 
11.7 
8.8 
190 

31 

3 

S.J. 

200 

210 

Dried. 

6.000 

10.0 
5.5 
15.5 
1 
46 
750 

B 
B 


0.8 
45.3 
32.4 
11.7 
8.8 
194 

31 

5 

S.J. 

200 

211 

Dried. 

6,000 

10.0 

7.0 

17.0 

1 

46 

1,150 

A 
A 


0.8 
45.3 
32.4 
11.7 

8.8 
183 

31 

7 

S.J. 

200 

211 

Dried. 

6,000 

10.0 

6.5 

16.5 

1 

46 

1,100 

oA 


a  Edges  brittle. 
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Laboratory  briquetting  tests  of  Pittsburgh  No.  15  irith  cell-pitch  binder. 


Test  No. 


L  163.         L  164.  L  165.  L  174.  L  170 


Size  as  used: 

Over  \  inch,  per  cent 

^  to  i  inch,  per  cent 

tV  to  A  inch,  per  cent 

^V  to  ,V  inch,  per  cent ..." 

Through  -^  inch,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No : 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  poimds  jjer  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


0.8 
45.3 
32.4 
11.7 
9.8 
169 


S.J. 

200 
209 
Undried. 

6,000 

30.7 

6.0 

36.7 

i 

43 

200 

D 
D 


0.8 
45.3 
32.4 
11.7 

9.8 
167 


S.J. 

200 
207 
Undried. 
6,000 

30.7 
5.5 
36.2 

43 
200 


0.8 
45.3 
32.4 
11.7 
9.8 
173 

27 

S 

S.J. 

200 

207 

Undried. 

6,000 

30.7 

6.0 

36.7 

J 

45 


0.8 

45.3 

32.4 

11.7 

9.8 

163 


6 
S.J. 

200 

206 

Dried . 

6,000 

10.0 
4.0 
14.0 
i 
50 
550 

C 
C 


0.8 
45.3 
32.4 
11.7 
9.8 
174 

27 

8 

S.J. 

200 

20S 

Dried. 

6,000 

10.0 

5.0 

15.0 

i 

50 
925 

B 
B 


The  results  obtained  from  these  experiments  show  that  North 
Dakota  lignite  (Pittsburgh  No.  15)  can  not  be  successfully  briquetted 
\\'ithout  binder,  even  under  high  pressure.  The  briquets  made  from 
the  undried  fuel  with  8  per  cent  of  the  water-gas  pitch  were  not 
satisfactory.  Wlien  the  fuel  was  dried  to  contain  only  10  per  cent 
of  moisture,  and  8  per  cent  of  the  water-gas  pitch  was  used,  a  satis- 
factory briquet  was  obtained.  With  3  to  5  per  cent  of  flour  as  a 
binder  excellent  briquets  were  obtained  from  both  the  dried  and  the 
undried  fuel,  although  they  would  not  be  waterproof  and  would  have 
to  be  stored  under  cover. 

With  8  per  cent  of  cell  pitch  the  dried  fueJ  made  a  satisfactory 
briquet.  Of  course  briquets  made  with  this  bmder  would  not  be 
waterproof  and  would  have  to  be  stored  under  cover.  The  source 
and  analysis  of  this  fuel  are  given  under  "Details  of  Briquettmg 
Tests." 

TESTS    WITH    PITTSBURGH    NO.    17. « 


The  data  obtained  from  laboratory  tests  of  Pittsburgh  No.  17 
various  bindhig  materials  are  given  in  the  following  tables: 


and 


a  See  table,  p.  39. 
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Laboratory  hriquetting  tests  of  Pittsburgh  No.  17  without  binder. 


Test  No. 

L225. 

L226. 

L227. 

L228. 

L237. 

L238. 

L239. 

Size  as  used: 

Over  i  inch,  per  cent 

tV  to  i  inch,  per  cent 

^\io-^  inch,  per  cent 

Tc  to  ^V  inch^  per  cent 

Through  ,V  inch,  per  cent . . 

Briquetting  temperature, °F 

Binder,  amount  used,  per  cent . . 
Method,  of  heating  used.  . 

9.7 

40.5 

26.5 

12.7 

10.0 

Cold. 

None. 

Cold. 

200 
199 

Undried. 

14,000 

31.6 

9.7 

40.5 

26.5 

12.7 

10.6 

Cold. 

None. 

Cold. 

200 
200 

Undried. 

6,000 

31.6 

9.7 

40.5 

26.5 

12.7 

10.6 

Cold. 

None. 

Cold. 

155 
155 

Undried. 

32,000 

31.6 

9.7 
40.5 
26.5 
12.7 
10.6 
157 
None. 

(a) 

150 
146 

Undried. 

32,000 

31.6 
-1.5 
30.1 

9.7 
40.5 
26.5 
12.7 
10.6 
189 
None. 
S.J. 

200 
202 

Pried. 

14,000 

14.1 

3.5 

17.6 

i 

43 

9.7 
40.5 
26.5 
12.7 
10.6 
194 
None. 
S.J. 

150 
157 

Dried. 

32,000 

14.1 

4.5 

18.6 

1 

9.7 
40.5 
26.5 
12.7 
10.  G 
187 
None. 

(a) 

150 
149 

Dried. 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  un- 
dried  

Pressure    used,    pounds    per 

32,000 
14.1 

Moisture: 

Added  in  heating,  per  cent . . 

0 

In  briquet ,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  press- 
ing, per  cent    

31.6 
Cold. 

50 

31.6 
Cold. 

48 

31.6 
Cold. 

14.1 

Crushing  strength,  pounds  per 

200 

D. 
D. 

Quality  of  briquet: 

Fresh 

D 

D 
D 

D 
D 

E 

C 
C 

c 

Air-dried 

c 

a  Gas  flame.  b  Until  hot. 

Laboratory  briquetting  tests  of  Pittsburgh  No.  17  with  water-gas  ■pitch  binder. 


Test  No. 


L  199.         L  200.         L  201.         L  202.         L  203.         L  229. 


Size  as  used: 

Over  i  inch,  per  cent 

t's  to  ^  inch,  per  cent 

5^5  to  ,\;  inch,  per  cent 

35  to  jV  inch,  per  cent 

Through  ,>o  inch,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  miautea 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


9.7 
40.5 
26.5 
12.7 
10.6 

201 

26 

4 

S.J. 

200 

209 

Undried. 

4,000 

31.6 

6.5 

38.1 

i 

47 

-300 

D 
D 


9.7 
40.5 
26.5 
12.7 
10.6 

201 

26 

5 

S.J. 

200 

209 

Undried. 

4,000 

31.6 

7.0 

38.6 

i 

47 

-300 

D 
D 


40.5 
26.5 
12.7 
10.6 
199 

26 

6 

S.J. 

200 

209 

Undried. 

4,000 

31.6 

6.5 

38.1 

i 

46 

-300 

D 
D 


9.7 
40.5 
26.5 
12.7 
10.6 

198 

26 

7 

S.J. 

200 

209 

Undried. 

4,000 

31.6 

5.5 

37.1 

h 

46 

a -300 

D 
D 


9.7 
40.5 
26.5 
12.7 
10.6 

198 

26 

8 

S.J. 

200 

210 

Undried. 

4,000 

31.6 

6.5 

38.1 

46 
350 

D 
C 


9.7 
40.5 
26.5 
12.7 
10.6 

187 

26 

6 

S.J. 

200 

207 

Dried. 

4,000 

15.7 

4.5 

20.2 

i 
49 
400 

C 
C 


a  Indicates  that  strength  was  less  than  300  pounds  per  square  inch,  the  lowest  pressure  that  the  gage 
would  register. 
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Laboratory  briquetting  tests  of  Pittsburgh  No.  17  with  flour  binder. 


Test  No. 


L204. 


L205. 


L206. 


L207. 


L208. 


L209. 


L210. 


L230. 


Size  as  used: 

Over  i  inch,  per 
cent 

ySj  to  \  inch,  per 

cent 

iV  to  t'b  inch,  per 

cent 

,V  to  I's  inch,  per 

cent 

Through  t*5  inch, 

per  cent 

Briquetting  temper- 
ature, °F 

Binder: 

LotNo 

Amount  of,  per 

cent 

Method    of    heating 

used 

Weight  of: 

Mixture    used, 

grams 

Briquet,  average, 

grams 

Condition    o  f    fu  el, 

dried  or  undried . . . 

Pressure  used,  pounds 

per  square  inch 

Moisture: 

In  fuel,  percent.. 
Added  in  heating, 

per  cent 

In  briquet  mix- 
ture, per  cent . . 
Length    of   heating, 

minutes 

Eeduction  of  volume 
by    pressing,    per 

cent 

Crushing   strength, 
pounds  per  square 

inch 

Quality  of  briquet: 

Fresh 

Air-dried 


9.7 

40.5 

26.5 

■      12.7 

10.  (i 

201 

31 

2 

S.J. 

200 

211 

Undried. 

4,000 

31.6 

7.5 

39.1 

1 

45 


40.5 

26.5 

12.7 

10.6 

201 

31 

3 

S.J. 

200 

210 

Undried. 

4,000 

31.6 

7.0 

38.6 

1 

45 


40.5 

26.5 

12.7 

10.6 

203 

31 

4 

S.J. 

200 

211 

Undried. 

4,000 

31.6 

7. 5 

39.1 

1 


9.7 

40.5 

26.5 

12.7 

10.6 

201 

31 

5 

S.J. 

200 

210 

'ndried. 

4,000 

31.6 

7.0 

38.6 

1 

45 

1,125 

B 
A 


40.5 

26.5 

12.7 

10.6 

201 

31 

6 

S.J. 

200 

211 

Undried. 

4,000 

31.6 

7.5 

39.1 

1 

45 

1,200 

A 
A 


40.5 
26.5 
12.7 
10.6 
192 
31 

S.J. 

200 

210 

Undried. 

4,000 

31.6 

7.0 

38.6 

1 

46 

1,075 


9.7 

40.5 

26.5 

'l2.7 

10.6 

201 

31 

8 

S.J. 

200 

210 

Undried. 

4,000 

31.6 

7.0 

38.6 

1 

45 

1,525 

A 
A 


40.5 

26.5 

12.7 

10.6 

199 

31 

6 

S.J. 

200 

209 

Dried. 

4,000 

15.7 

6.0 

21.7 

1 

44 

1,000 

B 
B 


LABORATORY  INVESTIGATIONS  OF  BINDERS  AND  FUELS.             77 
Laboratory  briquetting  tests  of  Pittsburgh  No.  17  with  sulphite-liquor  binder. 

Test  No. 

L218. 

L219. 

L220. 

L221. 

L222. 

L223. 

L224. 

L231. 

;  Size  as  used: 

Over  i  inch,  per 

9.7 

40.5 

26.5 

12.7 

10.6 

199 

32 

3 

S.J. 

200 

210 

Undried. 

4,000 

31.6 

6.0 

37.6 

i 

45 

9.7 

40.5 

26.5 

12.7 

10.6 

197 

32 

4 

S.J. 

200 

209 

Undried. 

4,000 

31.6 

6.0 

37.6 

h 

46 

9.7 

40.5 

26.5 

12.7 

10.6 

201 

32 

5 

S.J. 

200 

209 

Undried. 

4,000 

31.6 

6.0 

37.6 

J 

46 

9.7 

40.5 

26.5 

12.7 

10.6 

201 

32 

6 

S.J. 

200 

210 

Undried. 

4,000 

31.6 

6.5 

38.1 

h 

46 

9.7 

40.5 

26.5 

12.7 

10.6 

196 

32 

7 

S.J. 

200 

208 

Undried. 

4,000 

31.6 

5.5 

37.1 

h 

46 

9.7 

40.5 

26.5 

12.7 

10.6 

196 

32 

8 

S.J. 

200 

209 

Undried. 

4,000 

31.6 

6.0 

37.6 

J 

46 

9.7 

40.5 

26.5 

12.7 

10.6 

198 

32 

9 

S.J. 

200 

208 

Undried. 

4,000 

31.6 

6.5 

38.1 

46 

9.7 

yV  to  i  inch,  per 

40.5 

,S  to  tV  inch,  per 
cent 

26.5 

i>5  to  5J5  inch,  per 
cent. 

12.7 

Through  ^  inch, 

per  cent 

Briquetting  temper- 
ature, °F 

10.6 

Binder: 

Lot  No 

32 

Amount    used, 

per  cent 

Method    of    heating 
used 

6 
S.J. 

Weight  of: 

Mixture    used, 
grams 

200 

Briquet,  average. 

207 

Condition  of  fuel, 

dried  or  undried . . . 

Pressure  used ,  pounds 

per  square  inch 

Moisture: 

In  fuel,  per  cent. . 
Added  in  heating, 

per  cent 

In  briquet  mix- 
ture, per  cent.  . 
Length    of    heating, 

minutes. . .  

Reduction  of  volume 
by    pressing,    per 
cent 

Dried. 

4,000 

15.7 

5.0 

20.7 

i 

43 

Crushing   strength, 
pounds  per  square 

450 

Quality  of  briquet: 
Fresh 

E 

E 

E 
E 

E 
E 

D 
D 

D 
D 

D 
D 

D 
D 

D 

Air-dried 

C 

The  North  Dakota  lignite  represented  by  Pittsburgh  No.  17  can  be 
briquetted  without  binder  by  pressure  alone  if  partly  dried  and 
heated  with  steam  before  pressing.  The  dried  fuel  that  was  bri- 
quetted without  binder  contained  14.1  per  cent  of  moisture.  The 
undried  fuel  was  not  satisfactorily  briquetted  without  binder. 

With  6  per  cent  of  water-gas  pitch  better  briquets  could  be  made 
from  the  dried  than  from  the  undried  fuel,  whereas  8  per  cent  did  not 
produce  as  good  results  \vith  the  undried  fuel. 

Four  per  cent  of  flour  binder  was  required  to  make  satisfactory 
briquets  of  this  fuel  in  an  undried  condition,  and  6  per  cent  of  flour 
was  sufficient  to  make  excellent  briquets  with  the  undried  fuel. 

Nine  per  cent  of  sulphite  liquor  Got  No.  32)  was  insufficient  to 
make  fair  briquets  from  this  undried  fuel,  but  6  per  cent  made  good 
briquets  when  the  dried  fuel  contained  15.7  per  cent  of  moisture. 
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The  sample  had  the  following  analysis: 

Proximate  analysis  {as  received). 

Per  cent. 

Moisture , 31.  99 

Volatile  matter : 31.  70 

Fixed  carbon 31.  27 

Ash 5.04 

Sulphur. 46 

Heating  value. . : B.  t.  u..  7,  353 

TESTS    WITH    PENNSYLVANIA    ANTHRACITE    CULM. 

The  data  obtained  from  laboratory  tests  of  Pennsylvania  anthra- 
cite culm  (Pennsylvania  No.  3  °)  and  various  binders  are  given  in  the 
following  table: 

Laboratory  briquetting  tests  of  Pennsylvania  culm  mith  cell-pitch  binder. 


Test  No 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressiu-e  used,  pounds  per  square  inch 

Moisture  added  in  heating,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


Laboratory  briquetting  tests  of  Pennsylvania  culm  idth  sulphite-liquor  binder. 


Test  No. 


L77C. 


L78. 


L82. 


L83. 


Briquetting  temperature,  "  F. 
Binder: 

Lot  Xo 

Amount  used,  per  cent. . . 
Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams.. 
Condition  of  fuel,  dried  or  un- 
dried  

Pressure    used,    pounds    per 

square  inch 

Length  of  heating,  minutes. . . 
Reduction  of  volume  by  press- 
ing, per  cent 

Crushing  strength,  pounds  per 

square  inch 

Quality  of  briquet: 

Fresh 

Air-dried 


Cold. 

34 

10 

Cold. 


200 
200 


Undried. 


4,000 
Cold. 


40 
2,600 


201 


34 

5 

Gas  flame. 


200 
200 

Undried. 

4,000 
Until  warm. 

40 

2,500 

B 
A 


34 

1 

Gas  flame. 


200 
200 


Undried. 


4,000 
Until  warm. 


15S 

34 
4.3 
Heated 
in  mold. 

200 
200 

Undried. 

4,000 


Cold. 

34 

5 

Cold. 


200 
200 


Undried. 
6,000 


Hot. 

34 

5 

Steam  jet. 


200 
200 


Undried. 


6,000 
i 


40 


a  See  table,  p.  40. 
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Laboratory  briquetting  tests  of  Pennsylvania  culm  with  sulphite-liquor  binder — Continued. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel ,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture  removed  in  heating,  per  cent 

¥  Length  of  heating,  minutes 

''  Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


Test  No. 


L85. 


Hot. 

34 

5 

Oven. 

200 
200 

Dried. 

10,000 


15 


L84. 


34 

5 

Gas  flame. 

200 

97.5 

Dried. 

6,000 

2i 


48 


Cold. 

34 

5 

Cold. 

200 
200 


6,000 


Hot  molds 
40 

2,800 

C 
A 


a  Test  86  was  made  with  a  mixture  of  50  per  cent  each  of  Pittsburgh  slack  and  anthracite  culm. 

A  sample  of  Pennsylvania  anthracite  culm  and  3  per  cent  of  cell 
pitch  made  strong  briquets.  However,  better  results  were  obtained 
by  heatmg  the  mixture  with  a  gas  flame  before  pressmg  than  when  a 
steam  jet  was  used. 

With  10  per  cent  of  sulphite  liquor  pressed  cold,  the  briquet  was 
very  soft  while  fresh  and  had  hardly  strength  enough  to  stand  con- 
veyance to  storage.  With  5  per  cent  of  sulphite  liquor  heated  over 
a  gas  flame  before  pressing,  excellent  briquets  were  obtained. 

TESTS    WITH    PHILIPPINE    LIGNITE. 

The  data  obtamed  from  laboratory  tests  of  Philippine  lignite  (Pitts- 
burgh No.  112")  and  various  binders  are  given  in  the  following  tables: 

Laboratory  briquetting  tests  of  Philippine  lignite  without  binder. 


Test  No. 


L97. 


Ln7. 


L118. 


L  119. 


Size  as  used: 

Over  i  inch,  per  cent 

•^  to  J  inch ,  per  cent 

jV  to  tV  inch,  per  cent 

:^  to  A  inch^  per  cent 

Through  ,"5  mch,  per  cent 

Briquetting  temperature,  "F 

Binder,  amount  used,  per  cent 

Methoa  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture  in  fuel,  per  cent , 

Moisture  added  in  heating,  per  cent 

Moisture  in  briquet,  per  cent 

Length  of  heating,  mmutes 

Reduction  of  volume  by  pressing,  per  cent 
Quality  of  briquet: 

Fresh 

Alr-drled 


8.3 

50.3 

24.8 

9.6 

7.0 

Hot. 

None. 

S.J. 

C) 
(<=} 
Undried. 
14,000 
20.0 

£ 
E 


8.3 

50.3 

24.8 

9.6 

7.0 

Hot. 

None. 

S.J. 

180 

Dried. 

14,000 

6.0 


44. 


0.0 
0.0 
0.0 
0.0 
100.0 
(b) 

None. 
S.J. 

200 

Dried. 

14,000 
10.0 

E 


0.0 
0.0 
0.0 
0.0 
100.0 
(6) 

None. 
S.J. 


(») 


1.0 
14.0 
30.0 
27.7 
27.3 


Nc 


one. 
S.J. 


150 

150 

(«) 

(^) 

Dried. 

Undried. 

30,000 

30,000 

10.0 

20.0 

8 

(6) 

C) 

(6) 


a  See  table,  p.  140. 


6  Not  determined. 


e  None  made. 
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Laboratory  hriquetting  tests  of  Philippine  lignite  with  water-gas  pitch  binder. 


Size  as  used: 

Over  i  inch,  per  cent 

t'o  to  J  incli,  percent 

tV  to  t"*  inch,  per  cent 

A  to  ^  inch^  per  cent 

Through  ^5  inch,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch . . . . 
Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet ,  per  cent 

Length  of  neating,  minutes 

Reduction  of  volume  by  pressing,  per  cent . 
Crushing  strength,  pounds  per  square  inch. 
Qualityof  briquet: 

Fresh 

Air-dried 


Test  No. 


L96. 


8.3 
50.3 
24.8 
9.6 
7.0 
163 

26 

4 

S.J. 

200 
206 
Undried. 
6,000 

20.0 
6.9 
26.9 

i 

43.3 
950 

C 
B 


L95. 


8.3 
50.3 
24.8 
9.6 
7.0 
136 

26 

6 

S.J. 

200 

205 

Undried. 

6,000 

20.0 
4.6 
24.6 
J 
39.7 
1,400 

B 
A 


L99. 


0.0 

54.8 

27.0 

10.6 

7.6 

131 

26 

8 
S.  J. 

200 

203 

Undried. 

6,000 

20.0 
4..0 
24.5 

40.7 
1,675 

A 
A 


L  100. 


0.0 
54.8 
27.0 
10.6 
7.6 
147 

26 

4 

S.J. 

200 

209 

Dried. 

6,000 

5.0 

5.0 

10.0 

a 

39.4 
625 

D 
C 


L  101. 


1.0 
14.0 
30.0 
27.7 
27.3 

142 

26 

6 

S.J. 

200 

208 

Dried. 

6,000 

5.0 
4.5 
9.5 

i 

43.0 
1,050 

B 

A 


Laboratory  briquetting  tests  of  Philippine  lignite  with  wheat-flour  binder. 


Test  No. 


L  144. 


L156. 


L  115. 


L  157. 


L  184. 


Size  as  used: 

Over  i  inch,  per  cent 

x\s  to  i  inch,  per  cent 

I'ii  to  y's  mdi,  per  cent 

As  to  ,'5  inch^  per  cent 

Througli  -^^  mcii,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet ,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  u.sed,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  m  heating,  per  cent 

In  briuuet ,  per  cent 

Length  of  neating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  i)ouhas  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


0.0 
14.1 
30.6 
28.0 
27.3 

191 

31 

4 

S.J. 

200 
210 
I^ndried. 
6,000 

20.0 
7.5 
27.5 
li 
44.5 
1,550 

B 
A 


0.0 
14.1 
30.6 
28.0 
27.3 

193 

31 

5 

S.  J. 

200 
211 
Undried. 
6,000 

20.0 
7.0 
27.0 
1 
44.6 
1,400 

B 
A 


1.0 
14.0 
30.0 
27.7 
27.3 

138 

31 

6 

S.J. 

200 

210 

Undried. 

6,000 

20.0 
8.0 
28. 0 
2 
46.1 
1,550 

B 

a  A 


0.0 
14.1 
30.6 
28.0 
27.3 

192 

31 

6 

S.J. 

200 

210 

Undried. 

6,000 

20.0 
7.0 
27.0 
1 
44.6 
1,425 

B 
B 


0.0 
14.1 
30.6 
28.0 
27.3 

172 

31 

6 

S.J. 

200 

210 

Undried. 

6,000 

20.0 
6.0 
26.0 
1 
45.0 
1,200 

A 
A 


a  Water  cracks  due  to  too  much  heating. 
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Laboratory  hriquetting  tests  of  Philippine  lignite  with  wheat-flour  binder— Continued. 


Test  No. 


L  111.         L  112.         L  113, 


Size  as  used: 

Over  J  inch,  per  cent 

T5  to  J  inch,  per  cent 

^5  to  Tff  inch,  per  cent 

A  to  A  inch^  per  cent 

'i'hrough  ^'ij  inch,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  u.sed,  per  cent 

Metliod  of  heating  used 

Weight  of: 

Mixture  used,  grams 

15riquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

.\dded  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pouiids  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


1.0 
14.0 
30.0 
27.7 
27.3 

145 

31 

4 

S.J. 

200 

204 

Dried. 

6,000 

5.0 
4.5 
9.5 

n 

44.8 
0.0 

E 
E 


1.0 
14.0 
30.0 
27.7 
27.3 

149 

31 

6 

S.J. 

200 

205 

Dried. 

6,000 

5.0 
4.5 
9.5 

n 

43.1 
0.0 

E 

E 


1.0 
14.0 
30.0 
27.7 
27.3 

153 

31 

8 

S.J. 

200 

204 

Dried. 

6,000 

5.0 
4.5 
9.5 
U 
44.6 
0.0 

E 

E 


Laboratory  briquetting  tests  of  Philippine  lignite  with  cornstarch  binder. 


Test  No. 


L 138.         L 139.         L 103.         L  104 


L105. 


L  106. 


Size  as  used: 

Over  i  inch,  per  cent 

T5  to  i  inch,  per  cent 

5s  to  y\,  inch,  per  cent 

Tc  to  ^\  inch,  per  cent 

Through  ,'5  inch,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Mil  hod  of  heating  used 

Wright  of: 

Mi.xtme  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch. . . 
Moisture: 

In  fuel ,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  Ijy  pressing,  per  cent 
Crushing  strengtli,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


1.0 
14.0 
30.0 
27.7 
27.3 

181 

35 
3 

S.J. 

200 

210 

Undried. 

6,000 

20.0 
7.0 
27.0 
2 
4.5.3 
1,150 

D 
B 


1.0 
14.0 
30.0 
27.7 
27.3 

156 

35 

5 

S.J. 

200 

205 

Undried. 

6,000 

20.0 
3.5 
23.5 

44.6 
1.225 

C 
B 


1.0 
14.0 
30.0 
27.7 
27.3 

147 

35 

3 

S.J. 

200 

203 

Dried. 

6,000 

5.0 

4.5 

9.5 

3 

.38.5 
0.0 

D 
D 


1.0 
14.0 
30.0 
27. 7 
27^3 

149 

35 

5 

S.J. 

200 

204 

Dried. 

6,000 

5.0 
4.5 
9.5 

li 

37.0 

0.0 

D 
a  D 


1.0 
14.0 
30.0 
27.7 
27.3 

149 

35 

6 

S.J. 

200 

202 

Dried. 

6,000 

5.0 
3.5 

8.5 

38.5 
0.0 

D 
oD 


1.0 
14.0 
30.0 
27.7 
27.3 

149 

35 

7- 

S.J. 

200 

201 

Dried. 

6,000 

5.0 
2.5 
7.5 

35.5 
0.0 

D 
oD 


o  Briquets  were  too  dry. 
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Laboratory  briquetting  tests  of  Philippine  lignite  with  cell-pitch  binder. 


Test  No. 


L140. 


'   L143. 


L142. 


L141. 


L107. 


L108. 


Size  as  used: 

Over  i  inch,  per  cent 

iV  to  i  inch ,  per  cent 

35  'o  iV  inch,  per  cent 

■is  to  5\)  inch,  per  cent . . .' 

Throiigii  -is  inch,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No '. 

Amoimt  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

I'ressure  used,  poimds  per  square  inch . . . . 
Moisture: 

Ln  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  poimds  per  square  inch. . 
Quality  of  briquet: 

Fresh 

Air-dried 


1.0 
14.0 
30.0 
27.7 
27.3 

148 

27 

4 

S.J. 

200 
204 
Undried. 
6.000 

20.3 
3.5 
23.8 

i 
40.0 
800 

D 

C 


1.0 
14.0 
30.0 
27.7 
27.3 

180 


S.  J. 

200 
207 
Undried. 
6. 000 

20.3 

4.5 

24.8 

41.6 
900 

D 
C 


1.0 
14.0 
30.0 
27.7 
27.3 

167 


S.J. 

200 

206 

Undried. 

6, 000 

20.3 
4.5 

24.8 

X 

41.6 
925 

D 
B 


1.0 
14.0 
30.0 
27.7 
27.3 

1.52 


S.J. 

200 
205 
l^ndried. 
6.000 

20.3 
4.0 

24.3 
h 

41.6 
9.50 

C 
B 


1.0 
14.0 
30.0 
27.7 
27.3 

147 


4 
S.J. 

200 

209 

Dried. 

6.000 

.5.0 
.5.5 
10.5 

n 

42.8 
475 

D 
D 


1.0 
14.0 
30.0 
27.7 
27.3 

135 

27 

5 

S.J. 

200 

210 

Dried. 

6.000 

5.0 
6.0 

11.0 
IJ 

41.5 
450 

D 
D 


Size  as  used: 

Over  i  inch,  per  cent 

T^ij  to  J  inch ,  per  cent 

i"b  to  A  inch,  per  cent 

A  to  TjVinth,  percent 

Through  :^  inch,  percent 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amoimt  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams ; 

Condition  of  fuel,  dried  or  imdried 

Pressure  used,  pounds  per  square  inch. . .. 
Moistiue: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  percent 

Length  of  heat  ing,  minutes 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


Test  No. 


L109. 


1.0 
14.0 
30.0 
27.7 
27.3 

131 

27 

6 

S.J. 

200 

210 

Dried. 

6,000 

5.0 
6.0 

11.0 
U 

42.9 
575 

D 
C 


L145. 


0.0 
14.1 
30.6 
28.0 
27.3 

176 


S.J. 

200 

207 

Dried. 

6.000 

10.0 
4.5 
14.5 

41.5 
775 

C 
B 


LllO. 


1.0 
14.0 
30.0 
27.7 
27.3 

138 

27 

7 

S.J. 

200 

209 

Dried. 

6.000 

5.0 
6.0 

11.0 
U 

42.6 


L147. 


0.0 
14.1 
30.6 
28.0 
27.3 


27 

6 

S.J. 

200 

208 

Dried. 

6,000 

15.0 

5.5 

20.5 

44.6 
950 
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Laboratory  hriquetting  tests  of  Philippine  lignite  with  sulphite-liquor  binder. 


Test  No. 


L148. 

L149. 

L150. 

L151. 

L116. 

0.0 

0.0 

0.0 

0.0 

1.0 

14.1 

14.1 

14.1 

14.1 

14.1 

30.6 

30.6 

30.6 

.30.6 

30.0 

28.0 

28.0 

28.0 

28.0 

27.7 

27.3 

27.3 

27.3 

27.3 

27.3 

211 

212 

210 

211 

218 

34 

34 

34 

34 

34 

4 

5 

6 

7 

4 

S.J. 

S.J. 

S.J. 

S.J. 

S.J. 

200 

200 

200 

200 

200 

207 

208 

208 

208 

216 

Undried. 

Undried. 

Undried. 

Undried. 

Dried. 

6,000 

6,000 

6,000 

6,000 

6.000 

20.3 

20.3 

20.3 

20.3 

5.0 

5.5 

6.0 

5.0 

5.5 

9.0 

25.8 

26.3 

25.3 

25.8 

14.0 

i 

i 

i 

1 

n 

36.4 

41.6 

40.0 

40.0 

42.0 

725 

775 

600 

625 

450 

D 

T> 

D 

C 

D 

C 

C 

C 

c 

C 

Size  as  used: 

Over  \  inch,  per  cent 

^V  to  J  inch,  per  cent 

tV  to  T^  inch,  per  cent 

:t\  to  ,V  inch,  per  cent 

Through  ,V  inch,  per  cent 

_  Briq netting  temperature,  °F 

■  Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel ,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


1.0 
14.1 
30.6 
27.7 
27.3 

208 

34 

4 

S.J. 

200 

206 

Dried. 

6.000 

7.1 
4.0 
11.1 

35.0 
500 

D 

C 


Test  No. 


L  153. 


L154. 


L  155. 


Size  as  used: 

Over  J-  inch,  per  cent 

i'b  to  \  inch,  per  cent 

T5  to  yV  inch,  per  cent 

A  to  jV  inch^  per  cent 

Through  -^  mch,  per  cent 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  In  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


1.0 
14.0 
30.0 
27.7 
27.3 

209 

34 

5 

S.J. 

200 

207 

Dried. 

6,000 

7.1 
4.5 
11.6 

36.5 
500 

D 
C 


1.0 
14.0 
30.0 
27.7 
27.3 

211 

34 

8 

S.J. 

200 

209 

Dried. 

6,000 

7.1 
5.5 

12.(1 
i 

40.0 
725 

D 
C 


1.0 
14.0 
30.0 
27.7 
27.3 

210 

34 

7 

S.  L 

200 

209 

Dried. 

6,000 

7.1 
5.0 

12.1 
i 

43.1 
700 

D 
D 


All  tests  without  binder  failed  to  produce  briquets  that  could  be 
taken  from  the  mold  without  breaking. 

With  6  per  cent  of  water  gas  pitch  binder  fairly  good  briquets  were 
made  from  this  lignite  either  in  a  dried  or  undried  condition;  8  per 
cent  of  the  water  gas  pitch  made  excellent  briquets  when  the  fuel 
was  dried ;  4  per  cent  of  the  water-gas  pitch  made  a  fair  briquet  of  the 
imdried  fuel. 
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As  low  as  4  per  cent  of  wheat  flour  made  excellent  briquets  of  the 
undried  fuel,  but  even  8  per  cent  was  not  sufficient  to  briquet  the 
dried  fuel  containing  5  per  cent  of  moisture.  The  reason  may  be 
found  in  the  fact  that  to  obtain  the  adhesive  power  of  the  flour  it 
must  absorb  a  large  quantity  of  water  and  if  the  coal  is  too  dry  it 
absorbs  the  water  from  the  steam  used  for  heating,  and  the  flour  is 
not  thoroughly  glutinized. 

The  undried  fuel  and  6  per  cent  of  cell  pitch  made  satisfactory 
briquets  although  they  required  careful  handling  when  fresh  from 
the  press.  Those  made  with  8  per  cent  were  much  stronger  when 
fresh,  but  when  cold  differed  very  little  from  the  6  per  cent  briquets. 
Comparison  of  tests  Nos.  109  and  147  shows  that  briquets  in  which 
15  per  cent  of  moisture  was  present  were  much  stronger  than  those 
with  5  per  cent  of  moisture. 

Sulphite  liquor  did  not  make  a  satisfactory  binder  either  with  the 
dried  or  undried  fuel. 

Five  per  cent  of  cornstarch  with  the  undried  fuel  was  not  sufficient 
to  produce  a  briquet  that  was  strong  when  fresh.  With  the  fuel 
dried  to  contain  only  5  per  cent  of  moisture,  7  per  cent  of  cornstarch 
did  not  give  satisfactory  briquets,  again  illustrating  the  im})ortant 
part  that  the  proper  proportion  of  moisture  plays  in  briquetting 
lignite. 

The  source  and  analysis  of  this  fuel  sample  are  to  be  found  under 
"Details  of  Briquetting  Tests." 

TESTS    WITH    PITTSBURGH    BITUMINOUS    SLACK. 

The  data  obtained  from  laboratory  tests  of  Pittsburgh  bituminous 
slack  and  various  binders  are  given  in  the  following-  tables: 

Laboratory  briquetting  tests  of  Pittsburgh  slack  ivith  tcater-gas  pitch  binder. 


Test  No. 


L61. 


L68. 


L69. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Crushing  strength,  jwunds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


26 

6 

S.J. 

200 


Undried. 

4,000 
2,220 

A 
A 


26 

G 

S.J. 

200 

198 

Undried. 

4,000 

2,100 

A 
A 


26 

8 

S.  J. 

200 

190 

Undried. 

4,000 

2,800 

A 
A 
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Laboratory  hriquetting  tests  of  Pittsburgh  slack  with  cornstarch  binder. 


Test  No. 
L70. 


Briquetting  temperature,    F 

Binder: 

Lot  No 

Amount  used,  j>er  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture  added  in  heating,  per  cent 

Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


35 

30 

S.J. 

200 

213 

Undried. 

4,000 

6.5 

.2,100 

A 
A 


Laboratory  briqiietting  tests  of  Pittsburgh  slack  with  hardwood-tar  pitch  binder. 


Test  No. 


L60. 


L59. 


L65. 


Lt32. 


L66. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet ,  average ,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  poimds  per  square  inch 

Crushing  strength,  povmds  per  square  inch. 
Quality  of  briquet: 

Fresh 

Air-dried 


29 

a  4 

S.  J. 

200 

200 

LTndried. 

4,000 

1,750 

A 
A 


29 

a  6 

S.J. 

200 

200 

Undried. 

4,000 

1,600 

A 

A 


167 

29 

64 

S.J. 

200 

200 

LTndried. 

4,000 

1,950 

A 
A 


158 

29 

66 

S.J. 

200 

200 

Undried. 

4,000 

2,275 

A 
A 


29 

68 

S.J. 

200 

200 

Undried. 

4,000 

2,100 

A 
A 


a  Binder  mixed  cold.  >>  Binder  used  in  melted  form. 

Laboratory  briquetting  tests  of  Pittsburgh  slack  icith  cell-pitch  binder. 


Test  No. 


L92. 


L88. 


L  87A. 


L87B. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used ,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used ,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used ,  pounds  per  square  inch 

Moisture  added  in  heating,  per  cent 

Length  of  heating,  minutes 

Condition  of  mold 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pounds  per  square  inch 
QuaUty  of  briquet: 

Fresh 

Air-dried 


2 
S.J. 

200 

205 

Undried. 

6.000 

4.5 

J 

Hot. 

37 

1,800 

B 
A 


27 

4 

S.J. 

200 

206 

Undried. 

6,000 

4.5 

„    i 

Hot. 

41 

2,850 

B 
A 


5 
S.J. 


200 


194 


5 
S.J. 


Undried. 
6,000 


200 

204 

Undried. 

6,000 


Hot. 
39 


i 

Hot. 

39 

3,300 

B 
A 
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Laboratory  hriquetting  tests  of  Pittsburgh  slack  with  cell-pitch  binder — Continued. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used ,  per  cent 

Method  of  heating  used . . . ; 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture  added  in  heating,  per  cent 

Length  of  heating,  minutes 

Condition  of  mold 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


Test  No. 


L89. 


27 

6 

S.J. 

200 

206 

Undried. 

6,000 

4.5 

i 

Hot  and  cold. 
37 
3,800 

A 
A 


L90. 


27 

8 

S.J. 

200 

204 

Undried. 

6,000 

3.0 

i 

Hot  and  cold, 

36 

3,400 

o  A 

A 


L91. 


158 

27 

8 

S.J. 

205 

204 

Undried. 

6,000 

2.5 

i 

Cold. 

36 

3,800 

A 
A 


L93. 


143 

27 

10 

S.J. 

200 

205 

Undried. 

6,000 

4.0 

i 

Cold. 

39 

3,700 

oA 
A 


a  Material  stuck  to  plimger,  showing  excess  of  binder. 
Laboratory  briquetting  tests  of  Pittsburgh  slack  with  sulphite-liquor  binder. 


Test  No. 

L72. 

L73. 

L74A. 

L74B. 

L75A. 

L75B. 

66 

34 
3 

Cold. 

200 

Undried. 

4,000 

Cold. 

33 

1,700 

C 
A 

180 

34 
3 

S.J. 

200 

Undried. 

4,000 

n 

29 

199 

34 

3 

S.J. 

200 

Undried. 

4,000 

1 

35 

1,400 

B 
A 

199 

34 

3 

S.J. 

200 

Undried. 

4.000 

3! 
1,500 

B 
A 

203 

34 

4 

S.J. 

200 

Undried. 

4,000 

1 

33 

1,100 

C 
B 

203 

Binder: 

Lot  No 

34 

Amount  used,  per  cent 

4 

Method  of  heating  used           

S  J. 

Weight  of  mixture  used,  grams 

200 

Pressure  used,  poiuids  per  square  inch 

Length  of  heating,  minutes 

4,000 

Reduction  of  volume  by  pressing,  per  cent. 
Crushing  strength,  pounds  per  square  inch. 
Quality  of  briquet: 

Fresh 

33 
1,800 

C 
B 

B 

Air-dried    

A 

Test  No. 

L76. 

L76B. 

L76C. 

L76D. 

L232. 

Briquetting  temperature,  "F 

Cold. 

34 

10 

Cold. 

200 

200 

Undried. 

4,000 

171 

34 
10 
Hot  mold 
only. 

200 

200 

Undried. 

4,000 

203 

34 
10 

S.J. 

200 

257 

34 

10 

Gas  flame. 

200 

194 

Binder: 

Lot  No 

32 

Amount  used,  per  cent 

4 

Method  of  heating  used 

S.  J. 

Weight  of: 

Mixture  used,  grams 

200 

Briquet,  average,  grams 

206 

Condition  of  fuel,  dried  or  undried 

Undried. 
4,000 

Undried. 
4,000 

Pressifro  used,  pounds  per  square  inch 

4,000 

Moisture  added  in  lieating,  percent 

4,0 

Length  of  heating,  minutes 

Cold. 
36 

3,500 

A 
A 

Hot. 

36 

3,900 

A 
A 

4 

i 

44 

1,625 

Reduction  of  volume  by  pressing,  per  cent 

Crushing  strength,  pounds  per  square  inch 

40 

Quality  of  briquet: 

Fre^h 

C 
B  + 

D 
C 

A 

Air-dried 

A 
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Laboratory  brtquetting  Usts  of  Pittsburg  slack  with  sulphite-liquor  hinder — Continued. 


Test  No. 


L233. 


L234. 


L235. 


L236. 


Brtquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

i)"  Pressure  used,  pounds  per  square  inch 

II  :  Moisture  added  in  heating,  per  cent 

j    Length  of  heating,  minutes 

i  Reduction  of  volume  by  pressing,  per  cent.. 
1  Crushing  strength,  pounds  per  square  inch . 
(.;  Quality  of  briquet: 

Fresh 

1  Air-dried 


32 

6 

S.J. 

200 
205 
Undried. 
4,000 
3.5 
i 
44 
1,875 

A 
'A 


196 

32 

8 
S.  L 

200 

206 

Undried. 

4,000 

3.5 

i 

44 
2,300 

A 
A 


189 

32 

10 
S.  L 

200 
206 
Undried. 
4,000 
4.0 
i 
48 
2,725 

A 
A 


192 

32 

12 

S.  J. 

200 

206 

Undried. 

4,000 

3.5 

47 
3,000 

A 

A 


Laboratory  briquetting  tests  of  Pittsburgh  slack  with  water-gas  pitch  and  cell-pitch  binders 

mixed. 


Test  No.  L  94. 


Briquetting  temperature,  °F 

Binder: 

Lot  No.— 

26 

27 

Amount  used,  percent 

(Method  of  heating  used 
,  Weight  of: 

MLxture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture  added  in  heating,  per  cent , 

Length  of  heating,  minutes 

Keduction  of  volume  by  pressing,  per  cent 
Quality  of  briquet: 

Fresh 

Air-dried 


194 


W.  G.  P. 
C.  P. 

3  of  each. 
S.J. 

200 

206 

Undried. 

6,000 

5.0 

a 

38 

aC 
B 


a  MLxture  was  too  wet. 

Pittsburgh  slack  was  easily  briqiietted  with.  6  per  cent  of  water- 
gas  pitch.  All  briquets  made  of  this  fuel  and  binder  were  of  excellent 
quality. 

A  test  (L  70)  with  cornstarch  and  bituminous  slack  showed  that 
3  per  cent  of,  this  binder  is  sufficient  to  make  excellent  briquets  of 
this  fuel. 

Hardwood-tar  pitch  was  tested  with  Pittsburgh  slack.  This  binder 
is  soft  enough  to  be  cut  with  the  finger  nail  at  ordinary  temperatures. 
For  this  reason  it  was  with  difficulty  incorporated  with  the  fuel  when 
cold.  Better  mixtures  were  obtained  by  melting  the  binder  and  mix- 
ing it  with  the  fuel.  In  test  L  60  the  binder  and  the  fuel  were 
mixed  by  stirring  in  a  mortar.  Tests  L  65,  L  62,  and  L  66  were  made 
by  mixing  the  binder  in  a  melted  condition.  This  binder  made 
briquets  of  satisfactory  strength  when  as  low  as  4  per  cent  was 
92012°— Bull.  5&— 13 7 
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used,  but  for  commercial  purposes  5  to  6  per  cent  would  be  required 
to  give  the  briquet  sufficient  strength  and  hardness  to  withstand 
transporting  into  storage.  A  jet  of  steam  is  a  satisfactory  means  of 
heating  the  mixture  of  fuel  and  molten  pitch.  This  binding  material 
has  a  strong  characteristic  creosote  odor,  and  should  have  good  dis- 
infecting properties.  The  presence  of  this  odor  might  prevent  the 
use  of  this  binder  for  household  briquets. 

Cell  pitch  was  also  tested  as  a  binder  for  Pittsburgh  slack — 2,  4, 
5,  6,  8,  and  10  per  cent  being  used.  It  is  interesting  to  note  that 
only  2  per  cent  of  this  binder  produced  a  briquet  having  a  crushing 
strength  of  1,800  pounds  per  square  inch  when  cold  and  air-dried. 
A  6  per  cent  water  gas  pitch  briquet  has  a  crushing  strength  of  only 
about  2,100  pounds  per  square  inch.  The  higher  percentages  of 
this  binder  made  stronger  briquets.  It  should  be  said,  however,  that 
when  fresh  the  briquets  made  with  2,  4,  and  5  per  cent  of  this  binder 
were  slightly  soft.  If  the  mixture  is  heated  vnth  superheated  steam, 
the  moisture  being  thus  kept  low,  there  should  bo  no  difficulty  in 
producing  satisfactory  briquets  with  a  low  percentage  of  this  binder. 
The  great  drawback  with  this  binder  is  that  it  is  soluble  in  water 
and  easUy  leached  by  a  rainstorm,  allowing  the  fuel  particles  to  fall 
to  pieces. 

Experiments  were  made  with  Pittsburgh  slack  and  3  to  12  per 
cent  of  sulphite-liquor  binder.  Although  3  per  cent  of  this  binder 
is  sufficient  to  produce  briquets  that  are  strong  when  cold  and  air- 
dried,  thej^  are  fragile  when  fresh  and  would  not  stand  commercial 
handling  from  the  press  to  storage.  It  is  necessary  to  use  a  larger 
proportion  of  this  binder  to  make  briquets  of  sufficient  strength  when 
fresh  than  is  necessary  for  a  dried  and  cool  briquet.  It  is  therefore 
desirable  that  the  sulphite  liquor  be  used  in  as  concentrated  a  form  as 
possible. 

A  test  (L  94)  was  made  with  Pittsburgh  slack  and  3  per  cent  each 
of  water-gas  pitch  and  cell  pitch  to  determine  the  waterproofing 
qualities  of  the  former  in  connection  ^^^th  the  strong  qualities  of 
the  latter  binding  material.  When  fresh,  the  resultant  briquets 
were  very  weak  and  required  careful  handling,  but  after  having 
been  dried  and  cooled  they  were  much  stronger  and  appeared  to 
possess  satisfactory  water-resisting  qualities. 

TESTS    WITH   TEXAS    LIGNITE. 

The  data  obtained  from  laboratory  tests  of  Texas  lignite  (Pitts- 
burgh No.  9  «)  and  various  binders  are  given  in  the  following  tables : 

oSee  table,  p.  40. 
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Test  No. 


L187. 


L1S9. 


L  190. 


L  191. 


Size  as  used: 

Over  \  inch,  per  cent 

iV  to  i  inch,  per  cent , 

^  to  tV  inch,  per  cent 

T5  to  jV  inch,  per  cent , 

Through  -^^  inch,  per  cent , 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used , 

Weight  of: 

Mixture  used,  grams , 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent , 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

26 

4 
S.  J. 

210 

208 

Undried. 

4,000 

18.2 

5.0 

23.2 

iand  J 

42 

400 

C 
C 


7.2 
30.6 
30.2 
15.9 
16.1 

198 

26 

5 

S.J. 

211 

208 

Undried. 

4,000 

18.2 
5.5 
23.7 
Jand  } 
42 
650 

C 
C 


7.2 
30.6 
30.2 
15.9 
16.1 

192 

26 

6 

S.  J. 

210 

208 

Undried. 

4,000 

18.2 
5.0 

23.2 
i  and  J 

43. 5 
800 

B 
B 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

26 

S.  J. 

211 

208 

Undried. 

4,000 

18.2 
5.5 

23.7 
h  and  I 

44.5 
675 

B 
B 


7.2 
30.6 
30.2 
15.9 
16.1 

189 

26 

8 

S.J. 

210 

208 

Undried. 

4,000 

18.  ■; 

5.0 

23.2 

4  and  J 

42.5 

950 

A 

A 


Laboratory  briqiietting  tests  of  Texas  lignite  with  flour  binder. 


Test  No. 


L192. 


L  193. 


L  194. 


L  195. 


L196. 


L  197. 


L198. 


Size  as  used: 

Over  i  inch,  per  cent 

^  to  }  inch,  per  cent 

iV  to  tV  inch,  per  cent 

«5  to  ,V  inch,  per  cent 

Through  -^^  inch,  per  cent . . . 

Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  un- 
dried   

Pressure    used,     pounds    per 

square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent.. 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  press- 
ing, per  cent 

Crushmg  strength,  pounds  per 

square  inch 

Qtialitv  of  briquet: 

Fresh 

Air-dried 


7.2 
30.6 
30.2 
15.9 
16.1 

198 

31 

2 

S.J. 

212 
209 

Undried. 

4,000 

18.2 
6.0 

24.2 
1.0 

46 

750 

B 
B 


7.2 
30.6 
30.2 
15.9 
16.1 

194 

31 

3 

S.J. 

213 
209 

Undried. 

4,000 

18.2 
6.5 

24.7 
1.0 

46 

900 

B 
B 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

31 

4 

S.J. 

213 
210 

Undried. 

4,000 

18.2 
6.5 

24.7 
1.0 

46 

1,200 

A 
A 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

31 

5 

S.J. 

212 
209 

Undried. 

4,000 

IS.  2 
6.0 

24.2 
1.0 

46 

1,325 

A 
A 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

31 

6 

S.J. 

212 
209 

Undried. 

4,000 

18.2 
6.0 

24.2 
1.0 

46 

1,375 

A 
A 


7.2 
30.6 
30.2 
15.9 
16.1 

198 

31 

7 
S.J. 

212 
208 

Undried. 

4,000 

18.2 
6.0 

24.2 
1.0 

46 

1,450 

A 
A 


7.2 
30.6 
30.2 
15.9 
16.1 

198 

31 

8 

S.J. 

212 
209 

Undried. 

4,000 

18.2 
6.0 

24.2 
1.0 

46 

1,475 

A 
A 
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tjoboratory  briquetting  tests  of  Texas  lignite  with  ceJl-piteh  binder. 


Briquctting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  por  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams , 

Condition  of  fuel,  dried  or  vmdried , 

Pressiu-e  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


Laboratory  briquetting  tests  of  Texas  lignite  with  sulphite -liquor  binder. 


Size  as  used: 

Over^  inch,  per  cent 

i^i,  to  J  inch,  per  cent 

iV  to  tV  inch,  per  cent 

^V  o  TTff  inch,  per  cent 

Through  -^  inch,  per  cent . . . 

Briquetting  temperature,  "F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet ,  average,  grams 

Condition  of  fuel,  dried  or  im- 

dried 

Pressure    used,    pounds    per 

square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heat  ing,  per  cent . . 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Keduction  of  volume  by  press- 
ing, per  cent 

Crushing  strength,  pounds  per 

square  inch 

Quality  of  briquet: 

Fresh 

Air-dried 


Test  No. 


L211. 


7.2 
30.6 
30.2 
15.9 
16.1 

192 

34 

3 

S.J. 

208 
206 

Undried. 

4,000 

18.2 

4.0 

22.2 

h 

46 

300 

D 
D 


L212. 


7.2 
30.6 
30.2 
15.9 
16.1 

199 

34 

4 

S.J. 

210 
208 

Undried. 

4,000 

18.2 

5.0 

23.2 

J 

46 

300 

C 

c 


L213. 


7.2 
30.6 
30.2 
15.9 
16.1 

196 

34 

5 

S.J. 

210 
207 

Undried. 

4,000 

18.2 

5.0 

23.2 

i 

45.5 

300 

C 
C 


L214. 


7.2 
30.6 
30.2 
15.9 
16.1 

194 

34 

6 

S.J. 

210 
207 

Undried. 

4,000 

18.2 

5.0 

23.2 

h 

45.5 

525 

C 
C 


L215. 


7.2 
30.6 
30.2 
15.9 
Ifl.l 

199 

34 

7 

S.J. 

210 
207 

Undried. 

4,000 

18.2 

5.0 

23.2 

§ 

47 

525 

C 
C 


L216. 


7.2 
30.6 
30.2 
15.9 
16.1 

194 

34 

8 

S.J. 

210 
206 

Undried. 

4,000 

18.2 
5.0 
23.2 


625 


This  lignite  was  not  siiccessfuUv  briquetted  without  binder.  Tests 
w^ith  this  fuel  and  w^ater-gas  pitch  showed  that  not  less  than  6  per  cent 
of  binder  would  give  a  fair  briquet,  and  that  even  8  per  cent  did  not 
furnish  w^hat  might  be  called  an  excellent  briquet.  All  tests  were 
made  on  the  undried  fuel.  Three  per  cent  of  flour  made  a  good 
briquet,  and  4  per  cent  produced  an  excellent  briquet  in  both  strength 
and  appearance,  although  w^ater  would  disintegrate  it  in  a  few  hours. 
This  fuel  was  made  into  excellent,  although  not  waterproof,  briquets 
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with.  8  per  cent  of  cell  pitch.     Nine  per  cent  of  sulphite  liquor  did  not 
make  entirely  satisfactory  briquets. 

The  source  from  which  this  sample  was  obtained  and  its  chemical 
analysis  are  to  be  found  under  "Details  of  Briquetting  Tests." 

TESTS   WITH   UTAH   SUBBITUMINOUS   COAL. 

The  data  obtained  from  laboratory  tests  of  a  sample  of  Utah  sub- 
bituminous  coal  (Pittsburgh  No.  36*^)  and  various  binders  are  given 
in  the  following  tables: 

Laboratory  briquetting  tests  of  Utah  subbitiiminous  coal  with  water-gas  pitch  binder. 


Test  No. 


Ll37. 


L132. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

.  Briquet,  average,  grams 

Condition  oi  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


162 


26 

26 

3 

7 

S.J. 

S.J. 

200 

200 

207 

206 

Undried. 

Undried. 

6,000 

6,000 

10.8 

10.8 

4.5 

4.0 

15.3 

14.8 

h 

h 

40 

42 

200 

1,050 

D 

B 

D 

A 

Laboratory  briquetting  tests  of  Utah  subbituminous  coal  ivith  cell-pitch  binder. 


Test  No. 


L  134. 


L133. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet ,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


159 


27 

27 

4 

7 

S.  L 

S.  J. 

200 

200 

207 

208 

Undried., 

Undried. 

6,000 

6,000 

10.8 

10.8 

4.5 

4.5 

15.3 

15.3 

* 

i 

40 

42 

1,150 

1,600 

c 

B 

A 

A 

a  See  table,  p.  40. 
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Laboratory  hriquctting  tests  of  Utah  suhhituminous  coal  with  a  mixture  of  water-gas  pitch 
and  cell-pitch  binders  and  of  water-gas  pitch  and  flour  binders. 


Test  No. 


L136. 


L  135. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used-. 

Weight  of: 

Mixture  used,  grams 

Briquet, average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel ,  per  cent 

Added  in  heatiug,  per  cent 

In  briquet ,  per  cent 

Length  of  heating,  mtautes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


159 


W.  G.  P. 

26  W.  G.  P. 

27  C.  P. 

31  flour. 

W.  G.  P. 

3  W.  G.  P. 

4C.  P. 

3  flour. 

S.J. 

S.J. 

200 

200 

207 

206 

Undried. 

Undried. 

C,000 

6,000 

10.8 

10.8 

4.5 

4.0 

15.3 

14.8 

i 

i 

40 

40 

1,050 

1,450 

B 

B 

A 

A 

This  fuel  required  7  per  cent  of  water-gas  pitch  to  produce  satisj 
factory  briquets.  Four  per  cent  of  cell  pitch  was  sufficient  to  mak^ 
strong  briquets  when  they  were  cold  and  air-dried,  but  when  fresl 
from  the  press  they  were  rather  weak.  Probably  5  to  6  per  cen| 
of  cell  pitch  would  be  required  to  make  a  commercial  briquet. 

Two  tests,  L  135  and  L  136,  were  made  to  detennine  whether 
addition  of  water-gas  pitch  would  make  cell-pitch  or  flour  briquet 
sufficiently  waterproof  for  practical  use  and  storage  out  of  doorsj 
After  immersion  in  water  for  10  minutes  (test  L  136)  the  cell  pitc| 
began  to  leach  out,  whereas  no  change  w'as  noticed  in  the  flour  an( 
water  gas  pitch  briquet  (test  L  135).  After  a  three-day  iminei"sion 
both  briquets  were  strong  enough  to  be  handled  when  wet.  The 
flour-and-pitch  briquet  was  in  better  condition  than  the  cell-pitch 
and  water  gas  pitch  briquet.  The  water  in  which  the  briquets  were 
immersed  was  colored  brown  by  the  dissolved  cell  pitch.  There  wms 
no  evidence  of  the  flour  having  been  leached  out. 
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TESTS    WITH    WASHINGTON    SUBBITUMINOUS    COAL. 

The  data  obtained  from  laboratory  tests  of  Washington  sub- 
bituminous  coal  (Pittsburgh  No.  35  °)  and  various  binders  are  given 
in  the  following  tables: 

Laboratory  hriquetting  tests  of  Washington  subbituminous  coal  ivith  water-gas  pitch  binder. 


Test.  No. 


L124. 


L125. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  percent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

I'rf'ssure  used,  pounds  per  square  inch 

MoLsture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  1  )riquet ,  per  cent 

Length  of  heating,  minutes 

Kcduction  of  volume  by  pressing,  percent 
Crushing  strength,  pounds  per  square  inch 
Qualitj'  of  briquet: 

Fresh 

Air-dried 


155 


26 

26 

6 

8 

S.J. 

S.J. 

200 

200 

205 

205 

iried. 

Undried. 

6,000 

6,000 

13.8 

13.8 

4.5 

3.5 

18.3 

17.3 

^ 

i 

42 

42 

1,200 

1,825 

A 

A 

A 

A 

Laboratory  briquetting  tests  of  Washington  subbituminous  coal  vnth  wheat-flour  binder. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amoimt  used,  percent 

Method  of  heating  used 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  imdried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  percent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  poimds  per  square  inch 
Qualitv  of  briquet: 

Fresh 

Air-dried 


173 


180 


31 

31 

5 

7 

S.J. 

S.J. 

200 

200 

210 

209 

Undried. 

Undried. 

6,000 

6,000 

18.3 

18.3 

6.0 

6.0 

24.3 

24.3 

1 

1 

41 

40 

1,500 

1,750 

A 

A 

A 

A 

a  See  table,  p.  41. 
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Laboratory  hriquetting  tests  of  Washington  subbituminous  coal  with  coDistarch  binder. 


Test  No. 


L130. 


L131. 


Briquetting  temperature,  °F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  ascd . , 

Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  squarei  nch 

Moisture: 

In  fuel,  I3er  cent 

Added  in  heating,  pei  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Crushing  strength,  pounds  per  square  inch 
Quality  of  briquet: 

Fresh 

Air-dried 


183 


35 

35 

5 

7 

S.J. 

S.  L 

200 

200 

208 

208 

Undried. 

Undried. 

6,000 

6,000 

18.3 

18.3 

6.0 

6.0 

24.3 

24.3 

1 

1 

42 

42 

1,850 

2,100 

A 

A 

A 

A 

Laboratory  briquetting  tests  of  Washington  subbituminous  coal  ivith  cell-pitch  binder. 


Test  No. 


L126. 


L127. 


Briquetting  temperature,  °  F 

Binder: 

Lot  No 

Amount  used,  per  cent 

Method  of  heating  used 

"Weight  of: 

Mixture  used,  grams 

Briquet,  average,  grams 

Condition  of  fuel,  dried  or  undried 

Pressure  used,  pounds  per  square  inch 

Moisture: 

In  fuel,  per  cent 

Added  in  heating,  per  cent 

In  briquet,  per  cent 

Length  of  heating,  minutes 

Reduction  of  volume  by  pressing,  per  cent 
Cnishing  strength,  poimds  per  square  inch 
Qualitv  of  briquet: 

Fresh 

Air-dried 


161 


27 

27 

6 

8 

S.J. 

S.J. 

200 

200 

206 

205 

Undried. 

Undried. 

6,000 

6,000 

18.3 

18.3 

4.0 

4.0 

22.3 

22.3 

i 

i 

42 

42 

1,000 

1,400 

B 

A 

A 

A 

The  fuel  made  excellent  briquets  with  each  of  the  following  binders : 
Six  per  cent  of  water-gas  pitch;  5  per  cent  of  wheat  flour;  5  per  cent 
of  cornstarch;  and  6  per  cent  of  cell  pitch.  More  than  the  above 
proportions  of  bmder  should  not  be  requked  to  make  satisfactory 
briquets.  In  the  case  of  flour  and  cornstarch  the  compressive 
strength  of  the  5  per  cent  briquets  indicates  that  probably  3  per  cent 
of  either  of  these  bmders  would  be  sufficient  to  produce  a  briquet  of 
satisfactor}^  strength  for  all  purposes.  The  flour,  cornstarch,  and 
cell  pitch  would  crumble  in  water  and  therefore  would  have  to  be 
stored  under  cover. 
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SUMMARY  OF  LABORATORY  TESTS  OF  BINDERS. 

In  the  following  table  are  recorded  the  results  of  the  laboratory 
tests  of  various  binders  and  fuels  as  detailed  above: 

Summary  of  results  of  laboratory  hriquetting  tests  of  various  fuMs  and  hinders. 


Binder. 


Smallest 
per  cent 
that 
made 
satis- 
factory 
briquet. 

Crushing 
strength 
of  bri- 
quet 
made 
with 
mini- 
mum of 
binder. 

Crushing 
strength 
of  bri- 
quet 
made 
withe 
per  cent 
of  binder. 

06.0 

2,220 

2,220 

3.0 

2,100 

N.  D. 

4.0 

1,950 

2,275 

2.0 

1,800 

3,800 

3.0 

1,400 

1,875 

6.0 

800 

800 

3.0 

900 

1,375 

a  8.0 

1,250 
725 

69.0 

525 

3.0 

2,700 

2,500 

650 

5.0 

6  8.0 

300 

3.0 

750 

1,125 

S.O 

925 

550 

68.0 

350 

400 

5.0 

1,125 

1,200 

6  9.0 

300 
1,400 

6.0 

1,400 

4.0 

1,550 

1,550 

65.0 

1,225 
925 

6.0 

925 

6  8.0 

725 

600 

7.0 

1,050 
1,150 
1,200 

4.0 

6.0 

1,200 

05.0 

1,500 
1,850 
1,000 

05.0 

6.0 

1,000 

Weather- 
resisting 
qualities 
of  6  per 

cent 
briquet. 


Pittsburgh  slack 

Texas  lignite  (P-9) 

Pennsylvania  anthracite  culm 

North  Dakota  lignite  (P-15) 

North  Dakota  Ugnite  (P-17) 

PhiUppine  lignite 

Utah  subbituminous  (P-36) 

Washington  subbituminous  (P-35) 


Water-gas  pitch  . . 

Cornstarch 

Hardwood-tarpitch 

Cell  pitch 

Sulphite  liquor 

Water-gas  pitch . . . 

Wheat  flour 

Cell  pitch 

Sulphite  liquor 

Cellpitch 

Sulphite  liquor 

Water-gas  pitch... 

"^Tieat  flour 

Coll  pitch 

Water-gas  pitch. .. 

Wheat  flour 

Sulphite  liquor 

Water-gas  pitch. . . 

"VVTieat  flour 

Cornstarch 

Cell  pitch 

Sulphite  liquor 

Water-gas  pitch. . . 

Cellpitch 

Water-gas  pitch. . . 

Wheat  flour 

Cornstarch 

Cellpitch 


Excellent. 

Fair. 

Good. 

Poor. 

Very  poor. 

Good. 

Fair. 

Poor. 

Very  poor. 

Poor. 

Vers'  poor. 

Fair. 

Do. 
Poor. 
Fair. 

Do. 
Very  poor. 
Good. 
Fair. 

Do. 
Poor. 

Very  poor. 
Good. 
Poor. 
Good. 
Fair. 

Do. 
Poor. 


a  Lowestpercentageused  in  tests,  but  not  necessarily  the  lowest  that  would  furnish  a  satisfactory  briquet. 
6  This  percentage  was  not  sufficient  to  make  entirely  satisfactory  briquets,  but  was  the  highest  used  in 
the  tests, 

CONCLTJSIONS  FROM  LABORATORY  TESTS. 

Following  are  presented  conclusions  derived  from  the  tests: 

1.  Different  binders  require  different  methods  of  heating  to  obtaui 
I  the  best  results. 

2.  The  various  classes  of  fuels  require  different  methods  of  treat- 
ment to  produce  the  best  briquets. 

3.  Lignites,  to  produce  the  strongest  briquets,  generally  require 
drying  before  bemg  mixed  with  binder,  but  for  the  best  results  some 
moisture  must  be  allowed  to  remam  in  the  fuel. 

4.  Six  per  cent  of  water-gas  pitch  made  satisfactory  briquets  from 
Pittsburgh  slack,  Texas  lignite,  Pliilippine  lignite,  and  Wasliuigton 
subbitummous  coal;  7  per  cent  was  sufficient  to  satisfactorily  briquet 
Utah  subbitunnnous  coal. 

5.  Three  per  cent  wheat  flour  made  satisfactory  briquets  from 
samples  of  Texas  and  North  Dakota  lignite;"  4  per  cent  made  satis- 


0  One  sample  of  North  Dakota  lignite  required  5  per  cent. 
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factory  briquets  from  undried  Philippine  lignite;  and  5  per  cent  was 
more  than  sufficient  to  make  satisfactory  briquets  from  Washington 
subbituminous  coal. 

6.  Cornstarch  gave  practically ,  the  same  results  as  wheat  flour, 
3  to  5  per  cent  being  required  to  make  a  satisfactory  briquet  from 
the  various  fuels. 

7.  Four  per  cent  of  hardwood-tar  pitch  made  strong  briquets  of 
Pittsburgh  bituminous  slack.  The  strong  characteristic  odor  of  this 
material  may  be  an  objection  to  its  use. 

8.  Two  per  cent  of  cell  pitch  made  strong  briquets  with  Pittsburgh 
bituminous  slack.  As  this  material  is  soluble  in  water,  it  would 
not  make  briquets  suitable  for  storage  in  the  open  but  if  stored  under 
cover  the  briquets  will  stand  up  indefuiitely.  The  effect  of  moisture 
on  this  binder  being  detrimental  to  its  binding  qualities,  it  is  not 
surprising  that  8  per  cent  was  required  to  briquet  lignite  from  Texas 
and  North  Dakota,  whereas  4  per  cent  was  sufficient  to  briquet  a 
sample  of  Utah  subbituminous  coal.  Six  per  cent  was  required  to 
briquet  Phihppine  lignite  and  Washington  subbituminous  coal.  The 
briquet  having  the  greatest  compressive  strength  was  made  of  Pitts- 
burgh slack  and  6  per  cent  of  cell  pitch.  The  briquet  broke  at 
a  pressure  of  3,800  pounds  per  square  inch,  whereas  a  6  per  cent 
water  gas  pitch  briquet  of  this  coal  broke  at  a  pressure  of  2,220 
pounds  per  square  inch. 

9.  Three  per  cent  of  sulphite  liquor  was  sufficient  to  briquet  Pitts- 
burgh slack  and  5  per  cent  was  sufficient  to  briquet  anthracite  culm. 
Less  satisfactory  results  were  obtained  by  mixing  this  material  with 
lignites.  It  was  found  that  9  per  cent  of  this  binder  was  not  sufficient 
to  briquet  Texas,  North  Dakota,  or  Pliilippine  lignite.  The  moisture 
in  these  fuels  seemingly  affects  the  binding  quahties  of  this  material. 

SULPHITE   PITCH  AS  A   BINDER. 
DERIVATION  OF  THE   PITCH. 

A  new  binding  material  called  "sulphite  liquor"  has  been  sug- 
gested for  bri([uetting,  but  more  recently  a  product  called  "sulphite 
pitch,"  obtained  from  this  sulphite  liquor,  has  attracted  considerable 
attention  and  obviously  possesses  valuable  properties  as  a  binder. 

In  the  sulpliite  process  of  manufacturing  paper  pulp  the  wood 
under  pressure  is  boiled  ^vitll  sulphurous  acid,  or  with  acid  sulphite 
of  calcium  and  magnesium.  The  action  of  sulphurous  acid  under 
pressure  and  at  a  high  temperature  upon  the  lignin  and  other  incrust- 
ing  matters  of  the  wood  liber  is  probably  a  hydrolysis;  that  is,  the 
complex  molecules  of  the  lignin,  etc.,  are  broken  down,  and  the 
resulting  products,  largely  organic  acids  and  aldehydes,  become 
soluble  in  the  liquor. 
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The  waste  liquors  are  light  brown  and  contain  much  matter 
extracted  from  the  wood.  Until  recently  they  had  no  commercial 
value  and  their  proper  disposal  was  often  a  serious  matter,  as  they 
polluted  streams  into  which  they  were  emptied,  killing  the  fish. 

PREPARATION   AND   USE   IN  GERMANY. 

Several  patents  have  been  obtained  for  converting  the  waste 
liquors  into  fertihzers,  adhesive  material,  or  other  commercial  prod- 
ucts; but  the  most  promising  way  of  utilizing  them  at  present  seems 
to  be  by  making  a  concentrated  product  known  as  "sulphite  liquor," 
or  a  soHd  form  known  as  ''sulphite  pitch"  or  "cell  pitch"  (selpech). 

The  method  of  preparing  sulphite  liquor  or  cell  pitch  from  these 
wastes,  according  to  W.  Sembritzki,*^  manager  of  the  Walsum  paper 
mills  (Germany) ,  is  as  follows : 

At  the  Walsum  factory  the  liquors  have  a  specific  gravity  of  1.05  and  an  acidity, 
calculated  as  sulphur  dioxide,  of  0.32  per  cent.  The  thick  sirup,  density  35°  B., 
from  the  evaporators  has  the  following  composition:  Water,  28.88  per  cent;  insoluble 
matter,  13.96  per  cent;  extract,  57.16  per  cent;  tanning  matters,  22.96  per  cent;  non- 
tannins,  34.24  per  cent.  The  solid  cell  pitch  contains:  Water,  13.76  per  cent;  soluljle 
extract,  86.60  per  cent;  tanning  matters,  31.84  per  cent;  nontannins,  54.76  per  cent. 
The  nontannins  of  this  sirup  consist  of  organic  matter,  24.76  per  cent;  mineral  matter, 
9.44  per  cent.  The  nontannins  of  the  cell  pitch  consist  of  organic  matter,  36.08  per 
cent;  mineral  matter,  18.68  per  cent. 

If  the  evaporators  are  made  of  iron,  it  is  necessary  to  neutralize  the  liquor  with  lime 
l)i'l'ore  concentration,  and  the  incrustation  of  the  tubes  with  calcium  compounds  is 
somewhat  troviblesome.  If  copper  evaporators  are  used,  the  liquors  may  be  concen- 
trated in  their  acid  state.  If  the  concentrated  liquor  is  to  be  used  for  briquetting  flue 
dust,  neutralization  with  lime  is  essential  to  the  proper  working  of  the  briquets  in  the 
blast  furnace.  If.  on  the  other  hand,  the  concentrated  liquors  are  intended  for  tan- 
ning purposes,  neutralization  is  a  drawback,  as  the  calcium  compounds  make  the 
leather  brittle. 

The  success  of  the  Walsum  experiments  is  attributed  in  large  part  to  the  sextuple- 
effect  Kestner  evaporator  used.  Each  effect  has  a  heating  surface  of  55  square  meters; 
the  first  vessel  is  heated  with  steam  at  3  to  4  atmospheres  and  the  boiling  point  in 
the  last  effect  is  50°  C.  The  liquor  requires  about  three  hours  to  reach  a  concen- 
tration of  35°  B.  The  sirup  is  converted  into  solid  pitch  by  two  steam-heated  drums 
which  dip  below  its  surface.  The  first  drum  concentrates  the  sirup  from  35°  B.  to 
60°  B.;  the  second  converts  it  into  a  solid  film,  which  is  removed  with  a  scraper. 
Ten  kilograms  of  waste  liquor  yield  1  kilogram  of  dry  pitch.  The  fuel  consumption 
is  1  ton  of  coal  per  ton  of  pitch.  It  is  stated  that  a  selling  price  of  19.50  a  ton  would 
show  a  good  profit. 

The  pitch  has  the  appearance  of  black  opaque  resin,  but  is  quite  soluble  in  water. 
It  is  used  as  a  binder  for  fuel  and  ore  briquets.  By  its  use  the  dust  from  blast  furnaces, 
containing  40  per  cent  of  iron  and  hitherto  a  waste  product,  has  been  formed  into 
briquets  for  resmelting.  It  has  also  been  used  as  a  dressing  for  coarse  canvas,  etc. 
Large  quantities  of  the  sulphite  liquor,  having  a  density  of  about  35°  B.,  are  shipped 
from  Germany  to  England  in  iron  drums.  The  liquor  is  used  in  England  as  a  binder 
for  the  sand  cores  and  molds  used  in  casting,  and  is  sold  there  at  112.50  a  ton. 


o  Sembritzki,  W.,  Preparation  of  cellulose  pitch  from  waste  su  phite  liquor:  Wochbl.  Papier-fabr.,  1908 
(39),  p.  658. 
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In  a  report  made  in  1909  George  E.  Eager,*^  United  States  consul 
at  Barmen,  Germany,  states  that  sulphite  pitch  is  intensely  glutinous 
and  its  binding  power  high.  According  to  Mr.  Eager,  7  to  10  per  cent 
of  coal  tar  is  needed  in  briquetting  bituminous  coal,  but  the  same 
results  can  be  obtained  by  the  use  of  5  per  cent  of  sulphite  pitch,  and 
some  kinds  of  coal  or  ore  can  be  briquetted  by  using  only  2  to  3 
per  cent.  Sulphite  pitch  burns  without  smoke  or  odor  and  is  an 
ideal  fuel  for  the  household,  as  well  as  for  industrial  purposes.  The 
use  of  briquets  made  with  this  sulphite  pitch  will  help  to  solve  the 
smoke  problem  in  cities.  Coke  briquets  made  with  this  new  binder 
have  been  tried  in  blast  furnaces  and  on  torpedo  boats  with  promising 
results.  Sulphite  pitch  does  not  soften  under  heat  and  burns 
at  a  high  temperature.  It  can  be  ground  to  any  consistency;  it 
can  be  obtained  at  a  low  price  where  there  are  cellulose  mills.  An- 
tlu-acite  briquets  for  household  use  manufactured  with  sulphite 
pitch  burn  without  smoke  or  odor. 

Kegarding  other  uses  ol  sulphite  pitch  and  its  composition,  the 
report  states : 

Recent  attempts  to  briquet  coke  gravel  and  dross  show  that  the  resultant  briquet 
can  be  considered  a  perfect  substitute  for  coke.  Practical  trials  of  the  briquets  in 
both  blast  and  cupola  furnaces  have  shown  that  the  briquets  do  not  fall  to  pieces  under 
the  highest  temperature,  but  burn  while  gradually  shrinking.  Fine  ore,  bog-iron  ore, 
brown  ore,  manganese  ore,  oxide,  furnace  cadmia  (iron  dust  from  blast  furnaces),  and 
other  ores  can  all  be  briquetted  by  the  use  of  sulphite  pitch  aiid  successfully  melted 
in  the  furnace.  All  attempts  to  briquet  the  above  materials  with  coal-tar  pilch  have 
failed,  because  the  binding  agent  burned  at  a  lower  temperature,  leaving  the  material 
in  dust,  as  before.  With  sulphite  pitch  it  is  possible  to  briquet  furnace  cadmia  so  that 
it  can  be  melted  in  a  blast  furnace,  making  possible  a  great  saving  to  the  iron  industry. 

In  general,  sulphite  pitch  consists  of  the  following  substances: 
Fixed  carbon,  25  to  35  per  cent;  volatile  matter,  50  to  60  per  cent; 
ash,  8  to  12  per  cent;  and  water,  10  to  15  per  cent.  The  percentage 
of  ash  can  be  materially  reduced.  Through  the  origm  of  sulphite 
pitch  its  ashes  contain  sulphur  up  to  20  per  cent,  or  2.5  per  cent  of 
the  sulphite  pitch.  The  sulphur  is  combmed  with  u'on  and  lime,  so 
that  the  sulphur  remams  in  the  ashes  and  can  not  do  any  damage. 
Sul])hite  pitch  is  soluble  m  water,  and  briquets  made  from  it  are  not 
waterproof.  The  sulphite-pitch  briquet  is,  however,  more  water- 
proof than  the  lignite  briquet,  the  making  of  which  has  become  a 
flourishing  industry.  The  sulphite  briquet  is  not  hygroscopic  and 
can  be  made  absolutely  waterproof  by  a  special  treatment. 

The  production  of  sulphite  pitch,  as  weU  as  its  use  hi  the  process  of 
briquetting,  call  for  special  processes  and  machmery  which  have 
taken  years  of  expensive  experiment  to  develop  successfully,  and 
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both  the  material  and  its  use  for  briquetting  are  patented  in  all  the 
principal  countries. 

Sulphite  pitch  will  not  in  any  way  interfere  with  coal-tar  pitch  in 
its  use  for  briquetting  bituminous  coals,  but  the  superiority  of  sul- 
]ihite  as  a  binding  agent  makes  possible  its  use  in  the  briquetting  of 
harder  coals  and  cokes,  also  iron  dust  and  ores. 

THE  POLLACSEK  BRIQUETTING  PROCESS. « 

The  Pollacsek  briquetting  process,  which  employs  the  waste  liquor 
of  the  sulphite  paper-making  process  as  a  binder,  has  been  adopted 
by  the  Hungarian  Government  for  its  collieries,  and  that  Govern- 
ment has  erected  the  machinery  for  the  first  plant.  It  is  estimated 
that  a  plant  in  the  United  States  producing  10  tons  daily  would  cost 
about  $5,000  and  that  the  cost  of  operation  would  not  exceed  60 
cents  a  ton  and  might  be  as  low  as  40  cents  in  favored  places. 

Fine  coal  or  slack  is  used,  pieces  above  a  quarter  of  an  inch  being 
crushed.  Such  crushing  is  necessary,  because  any  larger  pieces  of 
coal  would  be  shattered  in  the  molds  of  the  press,  and  as  there  would 
be  no  binder  between  the  shattered  fragments,  the  briquets  would  not 
be  strong  enough  to  stand  transportation. 

The  inventor  has  a  process  by  which  the  waste  liquor  of  the  pulp 
mills  may  be  evaporated  to  a  sirup  or  reduced  to  a  dry  powder  for 
convenience  in  transportation.  In  the  United  States  the  removal  of 
free  acid  is  accomplished  by  the  use  of  lime.  The  evaporated  sulphite 
liquor  has  a  sirupy  consistency  and  considering  its  price  and  eSjcacy 
is  the  best  core  binder  for  foundry  use  known  to-day.  It  is  probable 
that  about  the  same  method  of  removing  free  acid  is  used  in  the 
Pollacsek  process. 

In  view  of  the  fact  that  in  making  fuel  briquets  only  3  to  5  per 
cent  of  this  binder  is  used,  its  cost  per  ton  of  coal  briquetted  is  small. 
Another  point  in  favor  of  the  process  is  that  by  utilizing  the  waste 
liquor  from  the  pulp  mills  it  protects  streams  from  poDution  by  the 
liquor. 

If  the  binder  is  in  the  form  of  a  sirup,  it  is  diluted ;  if  in  the  form  of 
solid  pitch,  it  is  dissolved  in  the  proper  quantity  of  water.  From  the 
mixer  the  briquet  material  passes  into  a  rotary  kiln,  where  it  is 
heated  and  partly  dried.  The  success  of  the  process  depends  on 
maintaining  the  right  temperature,  for  the  product  goes  directly 
from  the  kiln  to  the  briquetting  press.  If  the  temperature  varies 
only  10°  F.  either  way  from  the  standard,  the  briquets  are  not  hard 
or  strong  enough  to  stand  transportation  from  the  press. 

If  the  kiln  dries  the  material  enough  and  the  temperature  in  the 
kiln  is  kept  at  the  right  point,  the  coal  will  stick  together  when 
pressed,  but  will  not  adhere  to  the  molds. 

a  Information  furnished  by  Richard  Moldenke,  consulting  engineer. 
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If  the  briquets  are  not  to  be  waterproofed,  they  go  through  a  drying 
oven  directl}^  to  the  cars  for  shipment.  If  they  are  to  be  water- 
proofed, they  pass  from  the  drying  oven  tln^ough  an  emulsion  of  bitu- 
men and  water  and  again  through  a  drying  oven,  whence  they  are 
delivered  to  the  cars.  As  little  labor  is  needed  and  the  cost  of  bmder 
is  small,  claims  of  great  cheapness  are  made  for  the  process.  The 
secrets  of  the  process  are  the  proper  mixing  of  the  coal  and  binder, 
the  proper  control  of  the  kUn  temperature,  and  the  weatherproofing 
of  the  briquets. 

The  briquets  made  by  the  Pollacsek  process  are  hard,  stand  rough 
handling,  and  are  sufficiently  weatherproof  for  every  purpose. 

The  briquetting  section  of  the  Bureau  of  Mines  has  made  laborator}^ 
tests  with  this  sulphite  pitch,  the  results  of  which  are  published  in 
this  bulletin  on  previous  pages. 

APPARATUS   FOR    BRIQUETTING   COAL   AND   COKE   WITH    CELL 

PITCH. 

The  briquetting  of  coal  and  coke  (mth  cell  pitch  binder)  was  first 
carried  on  by  "  Hengstenberg  &  Benzenberg,  Brikettwerk  m.  b.  H." 
at  Ruhrort,  and  later  at  Iluhrre%der  and  Stettin,  Germany. 

For  the  production  of  cell-pitch  briquets  essentially  the  same 
apparatus  is  used  as  for  briquetting  wnth  coal-tar  pitch.  Of  especial 
importance  is  the  best  possible  mixing  and  kneading  of  the  binding 
material  to  be  briquetted  with  superheated  steam.  Large-sized  bri- 
quets are  pressed  \\dth  a  high  pressure,  and  for  tliis  purpose  presses 
are  built  sufficiently  strong  to  exert  a  pressure  of  7,000  to  8,500 
pounds  per  square  inch.  For  the  smaller  briquets  a  lower  pressure 
can  be  used.  Egg-shaped  briquets  can  be  produced  with  cell  pitch 
on  the  same  presses  on  wliich  coal-tar  pitch  briquets  are  made. 

WEATHERPROOFING   TREATMENT. 

Weatherproofing  is  accomplished  by  heating  the  briquet  or  by  a 
previous  treatment  of  the  briquetting  material. 

The  after-heating  is  the  older  method  and  consists  of  partly 
coking  the  sulphite  pitch.  This  produces  a  briquet  that  is  water- 
proof and  weatherproof,  as  well  as  unusually  hard  and  firm  and  rough 
on  the  surface.  The  method  is  in  many  cases  economical  and  worth 
practicing  if  a  cheap  source  of  heat  is  available.  The  briquets,  dried 
by  blast-furnace  gases  at  a  temperature  of  300°  C,  furnish  weather- 
resisting  coke  briquets. 

The  latest  method  of  waterproofing  sulphite-pitch  briquets  consists 
of  the  addition  of  certain  chemicals  (at  the  present  time  a  secret) 
directly  to  the  briquet  material  before  pressing.  The  additional  cost 
is  about  35.7  cents  per  ton  of  finished  briquets.  This  increased  cost 
should  be  less  if  the  chemicals  can  be  bought  more  cheaply  in  con- 
sequence of  an  enlarged  use  for  briquetting. 
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The  cost  in  Germany  of  building  a  two-press  plant  having  an 
lourly  capacity  of  5  tons  and  producing  yearly  60,000  tons  is  as  follows : 

Cost  of  two-press  cell-pitch  briqitetting  plant  in  Germany. 


Item. 


Marks.    I  Dollars. 


rfdund 

building,  including  foundation  and  building  stone 

vlachinery,  power,  lighting,  etc 

fools,  etc 

5pur  track 

\IisceUaneous 

Total 


295,000 


30,000 

7,140 

50,000 

11,900 

175,000 

41,650 

10,000 

2,380 

25,000 

5,950 

5,000 

1,190 

70,210 


The  cost  per  ton  of  briquets,  including  cell  pitch  but  not  the  raw 
iiaterial,  on  the  basis  of  a  production  of  60,000  tons  per  year,  is  as 
"ollows : 

Cost  per  ton  of  briquets,  including  sulphite  pitch. 


Percent- 
age of 

sulphite 
pitch 

added. 

Cost  per 

ton. 

Percent- 
age of 

sulphite 
pitch 

added. 

Cost  per 
ton. 

4 

^ 

5 

6 

$0.72 
.77 
.82 
.864 
.912 

6} 
7 

7i 
8 

$0.96 
1.008 
1.056 
1.104 

The  cost  of  the  after  treatment  of  the  briquets  to  make  them  water- 
proof must  be  determined  separately  for  each  case.  It  is  estimated, 
bowever,  at  present  as  not  more  than  36  cents  per  ton. 

To  this  cost  of  briquetting  and  cost  of  after  treatment  are  also  to  be 
added  the  cost  of  the  raw  material,  as  well  as  the  royalty.  Usmg  as 
a  basis  plants  already  operating  in  Germany,  a  royalty  of  1  mark  or 
24  cents  per  ton  of  briquets  is  assumed. 

CELL  PITCH  FOR  BRIQUETTING  FINE  ORES,  FLUE  DUST,  AND 

THE  LIKE. 

Cell  pitch  possesses  manifest  advantages  over  coal-tar  pitch  for 
briquetting  fine  ore,  flue  dust,  etc.  Its  solubility  in  water  does  not 
cause  disintegration  of  the  briquets  by  the  steam  present  in  the  flue 
of  the  blast  furnace.  The  sulphite-pitch  ore  or  flue-dust  briquets  do 
not  fall  to  pieces,  and  the  small  sulphur  content  of  the  binding  mate- 
rial exerts  no  bad  effect.  .     . 
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CELL- PITCH  EXPERIMENTS  OF  DR.  TRAINER. 


The  results  of  cell-pitch  experiments  by  Dr.  Trainer  (Gewerkschaft 
Eduard)  are  essentially  the  same  as  those  in  the  above-described  bitu- 
minous and  coke  briquetting  by  rneans  of  cell  pitch.  The  briquetted 
material,  after  the  addition  of  the  required  quantity  of  sulphite  pitch, 
was  treated  thoroughly  in  a  mixing  or  kneading  machine  with  super- 
heated steam  and  was  immediately  pressed  under  the  high  pressure  of 
7,000  to  8,500  pounds  per  square  inch.  The  cost  of  installing  a  two- 
press  plant  for  fine  ore  or  flue  dust  is  about  as  high  as  for  fuel,  namely, 
about  $70,210.  The  briquetting  cost  for  ore  briquets,  in  consequence 
of  their  high  specific  gravity  which  allows  a  lai-ger  capacity  of  the 
pressby  weight,  is  about  $0.13  less  per  ton  of  briquets  than  for  coal 
briquets,  as  shown  in  the  following  table: 

Cost  per  ton  of  briquets,  u'ith  various  percentages  of  sulphite  pitch. 


Percent- 

Percent- 

age of 

Cost  per 

age  of 

Cost  per 

sulphite 

ton. 

sulphite 

ton. 

pitch. 

pitch. 

4 

$0.59 

6i 

$0.83 

^ 

.64 

7 

.88 

5 

.69 

7^ 

.93 

5k 

.73 

8 

.97 

6 

.78 
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It  is  only  in  rare  cases  that  it  is  necessary  to  waterproof  and 
weatherproof  ore  briquets.  When  this  is  necessary  the  cost  of  the 
briquetting  is  increased  24  to  36  cents  per  ton. 

The  cell-pitch  method  has  found  important  application  in  the  iron 
works  of  the  Gewerkschaft  Deutscher  Kaiser  in  Bruckhausen,  near 
Ruhrort.  An  experimental  briquetting  plant  was  erected  in  1908 
to  furnish  cell  pitch  at  cost  to  the  ''Vereinigten  Gewerkschaften 
Eduard  und  Pionier, "  Walsum  on  the  Rhine.  The  results  were  so 
favorable  that  the  Gewerkschaft  Deutscher  Kaiser  entered  into  an 
agreement  with  the  above  firm  to  furnish  sulphite  pitch  for  the 
briquetting  of  400  tons  of  flue  dust  per  day.  The  flue-dust  cell-pitch 
briquets  are  produced  with  an  addition  of  4^  per  cent  of  sulphite 
pitch.  The  disintegration  of  the  briquets  and  the  small  sulphur 
content  of  the  binding  material  have  not  yet  proved  to  have  injurious 
effects.  The  briquets  are  completely  reduced,  and  the  ore  in  the 
same  blast-furnace  zone  is  favorably  influenced.  If,  for  example,  .15 
per  cent  of  briquets  is  added  to  the  charge,  and  an  equal  percentage 
of  ore  omitted,  there  is  a  decrease  in  flue  dust  of  30  per  cent,  as  well 
as  an  increased  production  of  iron  with  a  smaller  use  of  coke. 
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LITERATURE  ON  SULPHITE  LIQUOR  AND  SULPHITE  PITCH. 

A  brief  list  of  literature  relative  to  sulphite  liquor  and  sulphite 
pitch  is  presented  below: 

Ihrens,  F.  B.,  Utilization  of  waste  sulphite-cellulose  lyes:  Chem.  Zeitschr.,  1905,  pp. 

40-41;  abstracted  in  Jour.  Soc.  Chem.  Ind.,  1905,  p.  343. 
Krause,  H.,  Contribution  to  the  chemistry  of  sulphite  wood  pulp  waste  liquors:  Chem. 

Ind.,  1906  (29),  pp.  217-227;  abstracted  in  Jour.  Soc.  Chem.  I     d.,  1906,  p.  493. 
Robeson,  J.  S.,  U.  S.  Patents  833635,  851378,  851379,  851380,  851381;  abstracted  in 

Jour.  Soc.  Chem.  Ind.,  for  1906  and  1907. 
Sembritzki,  W.,  Preparation  of  cellulose  pitch  from  waste  sulphite  liquor:  Wochbl. 

Papier-fabr.,  1908  (39),  p.  658;  abstracted  in  Chem.  Abstracts,  Amer.  Chem.  Soc. 

1908,  p.  1885;  Manufacture  of  pulp  pitch  from  waste  sulphite  liquors  and  its  use 

in  briquetting:  Wochbl.   Papier-fabr.,  1908  (39),  pp.  2866-2867;  abstracted  in 

Jour.  Soc.  Chem.  Ind.,  1908,  p.  915. 
Knoesel,  T.,  Manufacture  of  pulp  pitch  from  waste  sulphite  liquors  and  its  use  in 

briquetting:  Wochbl.,  Papier-fabr.,  1908  (39),  pp.  3276-3278,  4049. 
3ager,  George  E.,  Daily  Consular  and  Trade  Reports,  No.  3361;  also  published  in 

Power  and  the  Engineer,  March  9,  1909,  p.  447. 
Thorp,  F.  H.,  Outlines  of  industrial  chemistry,  1899,  p.  503. 
^ranke,  G.,  Handbuch  der  Brikettbereitung,  vol.  2,  1909,  pp.  72-80. 

TESTS   TO   WHICH  BRIQUETS    WERE   SUBJECTED. 

PHYSICAL   TESTS. 

Samples  of  the  better  lots  of  briquets  made  were  subjected  to  the 
Irop  test,  the  compression  test,  and  the  tumbler  test  to  determine 
iheir  cohesive  strength  and  to  show  their  ability  to  endure  handling; 
ibsorption,  specific-gravity,  and  weathermg  tests  were  also  made. 

DROP   TEST. 

In  the  drop  test  50  pounds  of  briquets  was  placed  in  a  drop-bottom 
)ox  24  inches  square  and  12  inches  deep  inside,  supported  6  feet 
ibove  a  concrete  floor.  The  briquets  were  dropped  on  the  floor;  the 
i)ieces  were  gathered  up  and  those  that  were  held  by  a  1-inch  screen 
square  holes)  were  returned  to  the  box  and  dropped  again.  The 
loor  was  swept  clean  before  each  drop.  This  procedure  was  repeated 
ive  times,  after  which  the  weight  of  pieces  that  would  not  pass 
hrough  the  screen  was  determined.  The  results  of  the  test  were 
ound  to  agree  closely  ^^dth  those  of  the  tumbler  test,  although  no 
ttempt  was  made  to  standardize  the  two  tests,  one  bemg  a  shatter 
est,  the  other  being  more  on  the  order  of  an  abrasion  test. 

TUMBLER   TEST. 

In  the  tumbler  test  a  weighed  quantity  of  the  briquets  (about  50 

•ounds)  was  placed  in  a  horizontal  sheet-steel  cylinder,  2  feet  in 

iameter  and  3  feet  long,  and  rotated  2  mmutes  at  a  uniform  speed 

f  28  revolutions  per  minute.     The  contents  of  the  tumbler  were  then 

92012°— Bull.  58—13 8 
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sized  by  a  1-inch  mesh  screen,  and  the  part  that  passed  through  was 
screened  through  a  10-mesh  sieve.  The  weight  of  the  pieces  held  by 
each  screen  was  determined  and  the  "percentage  held"  computed  and 
reported  as  in  the  drop  test. 

ABSORPTION    TEST. 

The  object  of  the  absorption  test  was  to  determine  (1)  the  rate 
of  absorption  of  water  by  the  briquets  each  day;  (2)  the  time  required 
for  the  absorption  to  become  practically  complete;  and  (3)  the  time 
at  which  the  a^bsorption  actually  ceased  or  the  briquet  disintegrated. 
The  apparatus  consisted  of  a  hydrostatic  balance  with  containing 
tank  and  four  galvanized-iron  pans  24  by  36  by  6  inches. 

Four  Renfrow  briquets,  two  German  briquets,  or  one  English 
briquet  were  taken  as  a  sample  for  each  representative  lot  of  briquets 
tested.  These  briquets  had  been  stored  under  cover  directly  after 
being  made,  so  they  may  be  safely  considered  as  air-dried  samples. 
Whenever  possible,  briquets  with,  perfect  surfaces  were  used. 

The  method  used  in  testing  was  as  follows: 

(a)  The  sample  was  weighed  in  air  on  the  upper  part  of  the  hydro- 
static balance,  (b)  The  sample  was  then  weighed  in  water  on  the 
lower  shelf  of  the  balance,  the  hour  and  mmute  of  this  immersion 
being  noted,  (c)  The  sample  was  removed  from  the  balance,  placed 
in  pans,  and  covered  with  one-half  inch  of  water,  (d)  Each  succeed- 
ing day  at  the  same  time  as  the  first  immersion  the  operation  noted  in 
b  was  repeated,  (e)  The  gain  in  weight  was  noted  each  day  by 
subtracting  the  observation  for  the  previous  day  from  the  weight 
noted  in  operation  h.  (/)  This  gam  m  weight  was  calculated  to 
a  percentage  of  the  original  weight  of  the  dry  briquet,  and  so  recorded 
each  day. 

DETERMINATION    OF   DENSITY. 

The  apparent  specific  gravity,  being  the  weight  in  air  divided  by 
the  loss  of  weight  in  water,  was  calculated  from  readings  a  and  b  of 
the  absorption  tests.  In  the  earlier  tests  fragments  from  the  com- 
pression tests  were  used,  each  piece  weighing  about  65  grams.  These' 
earlier  tests  were  made  with  a  Nicholson  hydrometer. °  I 

WEATHERING   TEST. 

To  determine  the  comparative  weather-resisting  qualities  of  the 
briquets  and  the  samples  of  fuel  from  which,  they  were  made,  small 
piles  of  each  lot  of  satisfactory  briquets  and  lumps  of  the  raw  fuel 
were  exposed  to  the  action  of  sun,  wind,  and  rain.     Plates  XVI  to 


a  See  Lord,  N.  W.,  Experimental  work  conducted  in  the  chemical  laboratory  of  the  United  States  fuel-, 
testing  plant  at  St.   Louis,   Mo.,  Jan.   1,  1905,  to  July  31,  1906:  Bull.  28,  Bureau  of  Mines,  pp.  23-; 
(reprint  of  U.  S.  Geol.  Survey  Bull.  323). 
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XXI,  made  from  photographs  taken  of  Pittsburgh  tests  at  various 
intervals  up  to  286  days,  show  the  different  stages  of  weathering. 
The  length  of  time  the  briquets  were  exposed  before  examination, 
md  the  condition  of  the  briquets  when  examined,  are  stated  in  the 
abulated  results  of  tests.  The  key  to  the  conditions  designated 
A.,  B,  C,  D,  and  E  is  that  originally  stated  in  Bulletin  332  °-  of  the 
United  States  Geological  Survey,  and  is  as  follows: 

Condition  A:  Briquets  practically  in  same  condition  as  when  put 
Dut.  Surfaces  show  no  signs  of  erosion  or  pitting.  Briquets  hard, 
cdth  sharp  edges,  and  fracture  same  as  that  of  new  briquets. 

Condition  B:  Shape  of  briquets  unchanged.  Surfaces  of  those  on 
:op  of  pile  have  lost  luster,  with  evidences  of  pitting;  corners  and 
idges  worn  off  by  erosion.  All  briquets  firm,  ^vith  fracture  practi- 
jally  the  same  as  that  of  new  briquets. 

Condition  C:  Top  briquets  appear  similar  to  those  in  condition  B, 
and  show  signs  of  further  disintegration,  having  lost  original  sharp 
"'racture.  Erosion  more  e\ddent  on  all  briquets  on  outside  of  the 
Dile.     Inside  briquets  still  firm,  retaining  original  characteristics. 

Condition  D :  Top  briquets  so  badly  disintegrated  that  they  crum- 
dIc  to  pieces  on  handling.  Briquets  in  center  of  pile  show  signs  of 
iisintegration ;  luster  of  surfaces  gone,  edges  soft,  and  break  easily 
n  the  hand.  Fracture  not  so  sharp  as  when  newly  made,  but 
Driquets  firm  and  handled  without  breaking. 

Condition  E:  Entire  pile  disintegrated.  In  many  cases  the  only 
briquets  retaining  their  original  shape  are  those  protected  from  the 
jreather.  Briquets  can  not  be  handled  safely,  but  crush  easily  in 
land. 

COMPRESSION    TEST. 

In  order  to  obtain  some  standard  of  comparison  between  the 
Driquets,  the  crushing  strength  of  many  of  them  was  determined  on 
I  200,000-pound  Olsen  machine.  When,  only  a  1-ton  lot  was  made 
ihe  best  briquets  were  selected  for  these  tests,  as  it  was  reasonable 
;o  suppose  that  in  making  larger  quantities  the  average  briquet  would 
)c  equal  to  the  better  ones  made  in  small  lots.  Of  the  5  to  15  ton 
ots,  the  average  briquets  were  taken. 

The  briquets  were  tested  on  the  machine  lengthwise,  so  that  their 
Dosition  gave  a  uniform  area  of  28.7  square  inches,  the  cross-section 
irea  of  the  molds.  The  thickness  of  the  briquets  varied  from  5.75 
,0  6  inches,  depending  on  the  pressure.  Any  differences  due  to  lack 
)f  parallelism  between  the  ends  were  automatically  corrected  by  the 
'.wiveling  head  of  the  machine.  Pieces  of  millboard  were  placed 
)etween  the  briquets  and  the  steel.  The  slowest  speed  of  compression 
vas  the  most  satisfactory. 

o  Report  of  the  United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  Jan.  1,  1906,  to  June  30,  1907,  J.  A, 
lolmes  in  charge.    1908.    299  pp. 
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A  comparison  of  the  compression  tests  of  briquets  made  of  anthra- 
cite coal  and  briquets  made  of  anthracite  and  soft  coking  coal  shows 
that  the  crushing  strength  of  the  latter  is  less,  although  it  stands  the 
weather  somewhat  better  than  the  anthracite  briquet  with  pitch  alone. 

The  coke-breeze  briquets  were  far  stronger  than  any  others  made, 
as  is  indicated  by  the  results  of  the  compression  tests. 

Although  the  results  of  the  compression  tests  are  to  some  extent 
comparable  one  with  another,  they  do  not  give  the  desired  informa- 
tion regarding  the  actual  strength  or  endurance  of  the  briquets,  for, 
in  some  instances  the  crushing  strength  is  rather  high,  whereas  the 
briquets  themselves  could  not  have  been  handled  to  any  great  extent 
without  breaking.  The  most  satisfactory  test  for  determining  thei 
strength  of  the  briquets  is  afforded  by  the  drop  and  tumbler  tests. 
These  give  residts  that  may  be  compared,  and  determine  the  relative 
strengtli  of  the  briquets  and  the  amount  of  handling  they  will  stand 
in  transportation.  | 

The  compression  test  was  discontinued  at  the  St.  Louis  plant,  aaf 
the  residts  from  briquets  made  of  the  same  coal  and  under  similar 
conditions  did  not  check.  This  difference  was  probably  due  to  a 
lack  of  uniformity  in  the  composition  of  the  various  briquets  of  a 
test.  In  the  laboratory  tests  made  at  Pittsbiu-gh,  however,  the 
compression  test  was  found  useful  to  determine  the  comparative 
strength  of  briquets  made  on  the  hand  experimental  press,  as  in  these 
tests  conditions  of  heating  and  mixmg  could  be  closely  controlled,  and 
only  five  briquets  weighing  less  than  one-half  pound  each  were  made 
for  each  test.  This  number  was  too  small  for  the  drop  or  tumbler 
tests.  These  briquets,  being  flat-ended  cylinders  3  inches  m  diameter 
and  about  1|  inches  thick,  were  suitable  for  making  compression 
tests  on  the  hydraulic  press  on  which  they  were  formed  by  removing 
the  mold  and  substituting  flat  plates.  The  residts  obtamed  from 
these  tests  of  laboratory  briquets  agreed  with  sufficient  closeness  to 
determine  the  relative  strength  produced  by  different  percentages  of 
binder. 

CHEMICAL   TESTS.  t 

i 

Chemical  analyses  were  made  of  the  fuels  and  binders  used  and 
the  briquets  manufactured.  In  most  cases  proximate  analyses 
only  were  made  of  the  briquets.  Ultimate  analyses,  as  weU  as  proxi- 
mate analyses,  were  generally  made  of  the  briquetted  fuels. 

PROXIMATE    AND    ULTIMATE    ANALYSES. 

The  proximate  analyses  (including  sulphur)  herein  reported  art 
in  terms  of  "as  received."  That  is,  the  results  of  the  analyses  were 
calcidated  on  the  sample  "with  the  moisture  in  it  as  received  at  th( 
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.1.      BRIQUETS  AT  BEGINNING  OF  WEATHERING  TEST. 


li.     BRIQUETS  AFTER  EXPOSURE  FOR  9  DAYS. 
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A.      BRIQUETS  AFTER   EXPOSURE   FOR   .'4   DAYS. 


B.      BRIQUETS  AFTER   EXPOSURE   FOR   34  DAYS, 
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A.     BRIQUETS  AFTER   EXPOSURE  FOR  46  DAYS. 


/>'.      BRIQUETS  AFTER   EXPOSURE  FOR  56  DAYS. 
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A.     BRIQUETS  AFTER  EXPOSURE  FOR  66  DAYS. 


;;.      BRIvUEI'b   AFTLK    hXPObUKt    l-uK    'ju    UArb. 
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A.     BRIQUETS  AFTER  EXPOSURE  FOR  126  DAYS. 


J:.      BRlQUtlb  AFTER  EAPObURE  I-UK  Itt  (JAYS. 
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.1.     BRIQUETS  AFTER   EXPOSURE  FOR  226  DAYS. 


B.      BRIQUETS  AFTER   EXPOSURE   FOR    286   DAYS. 
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laboratory  and  not  on  the  basis  of  the  dry  coal.  The  ultimate 
analyses  herein  reported  are  on  a  moisture-free  basis,  as  m  this  form 
the  analyses  are  more  usefid  for  comparison  and  future  study. 

MOISTURE    TEST. 

In  carrying  out  the  lignite  tests  at  Pittsburgh  it  was  necessary  to 
make  rapid  and  frequent  moisture  determinations  for  controlling  the 
(hying  of  the  fuel.  As  the  usual  methods  of  determining  moisture 
A\ere  not  rapid  enough  a  special  method  was  devised  by  F.  M. 
Stanton,  chemist  in  charge  of  the  fuel  laboratory.  The  procedure 
was  as  follows:  Fifty  grams  of  coarsely  crushed  lignite  was  placed  in 
a  distilling  200-c.  c.  flask,  covered  with  70  c.  c.  of  kerosene,  and  heated 
over  a  gas  flame.  The  moisture  driven  off  was  condensed  in  a  Liebig 
condenser  and  run  into  a  taU  25-c.  c.  measuring  cylinder  or  burette. 
The  distillation  was  carried  on  until  a  thermometer  in  the  flask  showed 
a  final  temperature  of  350°  F.  The  quantity  of  water  in  the  measuring 
cylinder  was  noted  when  the  thermometer  in  theflask registered  250°F., 
300°  F.,  and  350°  F.,  and  the  percentage  of  moisture  in  the  sample  was 
taken  as  the  percentage  of  moisture  distilled  at  300°  F.  Of  course, 
some  of  the  kerosene  distilled  over,  but  it  readily  separated  from  the 
water,  and  the  quantity  of  the  latter  in  the  measuring  cylinder  could 
be  accurately  read. 

EXTRACTION    TEST. 

To  determine  the  percentage  of  bitumen  or  natural  binding  material 
in  the  raw  or  briquetted  fuel,  samples  were  extracted  with  carbon 
bisidphide  m  a  Soxlilet  apparatus  in  the  following  manner: 

Five  grams  of  the  fijiely  ground  material  was  weighed  in  an  extrac- 
tion thimble  and  extracted  in  a  flask  that  had  been  dried  for  one- 
half  hour  at  108°  C,  and  was  cooled  in  a  desiccator  and  weighed. 
After  the  material  had  been  in  the  extractor  five  hours  the  carbon 
bisulphide  in  the  flask  was  distilled  and  recovered  in  the  Soxhlet 
extractor;  the  flask  and  its  contents  were  dried  at  108°  C.  for  one 
hour,  cooled,  and  weighed,  and  the  percentage  of  material  extracted 
was  calculated  from  the  weight  of  the  residue. 

From  the  results  of  the  extraction  tests  of  fuel,  bituminous  bmder, 
and  briquets  it  was  possible  to  calculate  the  percentage  of  pitch 
binder  present  m  the  briquet  by  the  use  of  the  following  equation: 

100  (A-B) 
C-B 

in  which  x  is  the  percentage  of  pitch  bmder  present;  A  is  the  extraction 
figure  of  the  briquet,  calculated  to  an  ''as-received"  basis;  B  is  the 
extraction  figure  of  the  coal  used,  calculated  to  an  "as-received" 
basis;  C  is  the  extraction  figure  of  the  pitch  binder  used,  calculated 
to  an  "as-received"  basis. 
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COMBUSTION  TESTS. 

Combustion  tests  were  made  of  the  fuels,  binders,  and  briquets. 
Heat-value  determinations  were  made  by  the  chemical  laboratory- 
using  the  Mahler  bomb  calorimeter.  The  heating  value  of  the 
materials  was  also  calculated  from  their  analyses,  but  as  the  Mahler 
bomb  furnishes  more  reliable  data  on  the  heat  value,  the  results  of 
the  bomb  tests  only  are  included  in  this  report.  The  heat  values  in 
this  report  are  on-  a  moisture-free  basis  unless  otherwise  noted. 

STEAMING   TESTS. 

STATIONARY-BOILER   TESTS. 

The  only  method  available  at  St.  Louis  for  determining  the  relative 
heating  values  of  briquets  consisted  in  burning  them  under  boilers, 
the  conditions  being  uniform  with  those  for  the  steaming  tests  of 
coals.  These  tests  were  made  by  the  boiler  section  in  every  case 
where  there  was  a  sufficient  number  of  briquets,  and  are  reported 
under  "steammg  tests",  in  this  bulletin.  When  coal  was  not  avail- 
able to  make  on  each  machine  enough  briquets,  with  the  same  per- 
centage of  binder,  for  a  complete  steaming  test  on  both  the  English 
and  Renfrow  briquets,  the  test  was  divided  into  five-hour  runs  for 
each  macliuie. 

Several  small  lots  of  briquets  contaiiung  various  percentages  of 
bmdcr  were  burned  under  the  boiler  to  show  the  behavior  of  the 
briquets  in  the  fire  and  the  effect  on  the  quantity  of  smoke  pro- 
duced, but  the  main  test  was  of  briquets  of  a  uniform  percentage  of 
binder.  In  many  tests  it  was  necessary  to  break  up  the  English 
briquets  in  order  to  obtam  capacity  on  the  boiler,  although  every 
effort  was  made  to  burn  them  unbroken  for  comparative  results. 

Besides  these  tests  of  briquets  at  the  plant,  two  series  of  tests  were 
run — one  usmg  the  briquets  in  locomotive  boilers  and  the  other  in 
boilers  for  house  heating.  In  many  tests  the  product  was  divided, 
part  being  used  for  a  house-heating  test  and  part  for  a  locomotive 
test. 

The  combustion  tests  made  with  briquetted  fuel  in  stationary, 
locomotive,  and  house-heating  boilers,  and  the  briquetthig  test  num- 
ber from  which  the  briquets  were  obtamed,  are  shown  in  the  table 
followmg.  This  table  furnishes  a  key  to  the  composition,  methods 
of  making,  and  qualities  of  the  briquets  used.  The  steanung  tests 
mentioned  hi  the  third  column  under  "Regular  steaming  test  No." 
are  reported  hi  Bureau  of  Mines  Bulletin  23."  The  locomotive  tests 
are  listed  in  the  fourth  column.     The  Seaboard  Air  Lme  locomotive 


o  Breckenridge,  L.  P.,  Kreisinger,  Henry,  and  Ray,  W.  T.,  Steaming  tests  of  coals  and  related  investi- 
gations, Sept.  1,  1904,  to  Dec.  31,  1908.     1912.    380  pp.,  2  pis.,  94  figs. 
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tests  mentioned  are  described  in  Bureau  of  Mines  Bulletin  23,"' 
mentioned  above,  and  in  Bulletin  34,  Bureau  of  Mines.^  The  loco- 
motive tests  of  the  Pennsylvania  18  (Lloydell)  coal  are  described  in 
Bureau  of  Mines  Bulletin  37. '^  The  locomotive  tests  made  by  the 
Atlantic  Coast  Line  Railroad  Co.  and  the  Chesapeake  &  Ohio  Rail- 
way Co.  are  also  described  in  Bulletin  37,  mentioned  above. 

The  steammg  tests  of  briquets  in  house-heating  boilers  are  described 
in  Bureau  of  Mines  Bulletin  27.''  The  steaming  tests  of  briquets 
on  the  U.  S.  torpedo  boat  Biddle  are  described  m  Bulletm  33  of  the 
bureau.* 


KEY   TO    STEAMING  TESTS. 


A  resum6  of  the  locomotive,  house-boiler,  and  torpedo-boat  tests 
is  included  in  this  bulletin  for  the  benefit  of  readers  who  may  not 
have  copies  of  the  bulletins  mentioned  above. 

Key  to  steaming  tests  of  briquets. 


Briquet- 
ting  test 
No. 

Briquets  used  in 

- 

Field  designation. 

Regular 
steaming 
test  No. 

Locomotive 
test  No. 

House 

boiler 

test  No. 

Alabama  2 

131 
123 
180 
106 
/164 
214 
221 
244 
189 
190 
233 
234 
166 
177 
181 
103 
104 
113 
116 

410 
413 
485 

Alabama  4 

Argentina  1 

Arkansas  7 

45 

Do 

Do 

Illinois  7E 

48 

Illinois  90 

492 
497 

Do 

Do 1 

Do 

39 

Illinois  12BW 

463 

25,26,27 

28,29,32 

30,31 

Do 

13 

Do 

Illinois  20,  mixed  with  Kentucky  2B 

Do 

Illinois  21 

318 
321 
322 

Illinois  23 

Do 

Illinois  28A 

140 
141 
142 
143 
162 
163 
144 
(          158 
{          159 
I          160 
161 
170 
171 
175 
225 
226 
22K 

Do 

1,4 

2 

3, 13, 15, 19 

Do 

Do 

Do 

459 
459 

Do 

Illinois  28B 

16,17,18,20 

21,22 

14 

Do 

Do 

Illinois  29A 

465 
465 
466 
511 
511 

Do 

g 

Illinois  29B 

12 

Illinois  30 

Do 

Do 

a  Pp.  321-329. 

ft  Ray,  W.  T.,  and  Kreisinger,  Henry,  Tests  of  run-of-mine  and  briquetted  coal  in  a  locomotive  boiler. 
33  pp.,  9  figs,  (reprint  of  U.  S.  Geol.  Survey  Bull.  412). 

c  Goss,  W.  F.  M.,  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  locomotives.  58  pp.,  4  pis., 
35  figs,  (reprint  of  U.  S.  Geol.  Survey  Bull.  3a3). 

d  Randall,  D.  T.,  Tests  of  coal  and  briquets  as  fuel  for  house-heating  boilers.  44  pp.,  3  pis.,  2  figs,  (reprint 
of  U.  S.  Geol.  Survey  Bull.  366). 

«  Ray,  W.  T.,  and  Kreisinger,  Henry,  Comparative  tests  of  nin-of-mine  and  briquetted  coal  on  the  torpedo 
boat  Biddle.    50  pp.,  10  figs,  (reprint  of  U.  S.  Geol.  Survey  Bull.  33). 

/  Briquets  from  this  test  were  used  m  water-gas  machine  test. 
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Key  to  steaming  tests  of  briquets — Continued. 


• 

Briquet- 
ting  test 
No. 

Briquets  used  in 

- 

Field  designation. 

Regular 
steaming 
test  No. 

Locomotive 
test  No. 

House 

boiler 

test  No. 

Illinois  31  

185 

lS(j 
224 
237 
206 
207 
210 
235 
217 
229 
230 
220 
227 
165 
169 
135 
136 
137 
138 
139 
145 
146 
147 
148 
149 
157 
168 
153 
154 
155 
156 
167 
182 
183 
194 
195 
199 
203 
204 

102 

191 
192 
193 
231 
178 
179 
241 

245 

246 
176 
184 
172 
173 
174 
196 

197 

200 
201 
202 
205 

232 

236 
250 
243 
2;}8 
239 
240 
248 
218 
219 
242 

491 

489 

Do                              

Do 

33,34 
44 

Do                            

Illinois 33 ..' 

Do                            

Do , 

Do                               

43 

48,49,51 

47 

46 

45,50 

3> 

Do                  

36 

Do                       

38 

464 

23,24 
62 

Do -■ 

Do 

Do 

456 

Do.  .                 

Do                         .                 

Do 

Do 

453 

5,6,10,11,12 
9 

11 

Do 

456 

10 

Do    .  .                                                  

Indian  Territory  2C      .  .          

455 
455 
455 
455 
450 
4S7 
488 
495 

Do 

Do 

Kansas  2B . .          

39 

38 
36 

40 

Do 

1 

Do 

Do 

Do 

33,34 
37 
35 

[Big  Four  R. 
<    R.prelim- 
[    iiiary tests. 

Do 

Do 

Kentucky  2B 

Maryland  2 

493 
493 
493 
518 

486 
486 

Do    . . . 

Do 

Do 

21, 22, 23 

Missouri  10 

2,3,4,5 

Do 

Do 

59,61 

/57,58,62,63, 

\             67,68 

63 

Do 

} 

Do 

Pennsylvania  15 

467 

Pennsylvania  15,  mixed  with  Rhode  Island  1 

47 

Pennsylvania  16 

468 
468 
468 

Do 

Do 

Pennsylvania  18 

79,90 
/72, 73, 74, 75, 
\        76,87,89 

Do 

515 

} 

Do 

Do 

499 
499 

Do 

Do 

Do 

f78,80,81,82, 
\             86, 88 

1        28,29 

30,31 

46 

Do: 

Do 

Pennsylvania  18  and  Rhode  Island  1 

35 

Pennsylvania  18  and  Miscellaneous  9 

49 

Do 

50,51 
50 

Do 

Do 

Pennsylvania  19 

508 
508 

Do 

Do 

I 
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Briquets  used  in- 

Field  designation. 

ting  test 
No. 

Regular 
steaming 
test  No. 

Locomotive 
test  No. 

House 

boiler 

test  No. 

Pennsylvania  20            

198 
208 
209 
212 
213 
215 
216 
211 
222 
223 
127 
133 
184 
243 
130 
120 
150 
151 
121 
322 

26,27 

Do 

514 
514 

Do 

Do 

Do : 

41,42 

Do 

512 
512 

Do 

Pennsylva,nia  ??, 

16,17 

Do 

510 
510 

Do        .                           

18,19 

Rhode  Island  1  and  Utah  1 

Rhode  Island  1  and  Utah  2 

Rhode  Island  1  and  Pennsylvania  15 

47 

Rhode  Island  1  and  Pennsylvania  18 

35 

409,411 
405 

Tennessee  4     . .                         

Do 

Tennessee  7A .               .                                          .... 

406 

P-llo      

H86,  H87 

H88,  H89 

Briquet- 
ting 
test  No. 

Briquets  used  on— 

Field  designation. 

Torpedo  boat, 

Biddle  test 

No. 

Seaboard-loco- 
motive test 
No. 

House 

boiler 

test  No. 

J-6 

260 
272 
276 
2S6 
2S;7 
280,281 

4,5,6 

J-9 

17,18,1 
10,11,1 

9 

3-11 

2.13.20. 

J-13 

5,6,7,8 

10,11,12,14.... 

C.  &  O.  loco- 
motive tests; 
no  numbers 
given. 

Atlantic  Coast 
Line     loco- 
motive tests. 

BatT.l  eshin 

(6) 

J-15 

J-16 

J-17 

Connecticut. 

a  Gas-producer  test  188. 

b  Combustion  test  in  kitchen  stove  made  at  Pittsburgh;  see  BuU.  14,  Bureau  of  Mines,  1911,  pp.  40-41. 

LOCOMOTIVE-BOILER  TESTS. 

Two  hundred  tons  of  Arkansas  semianthracite  slack  coal  was  made 
into  briquets  at  St.  Louis  for  the  purpose  of  prelimmary  tests  of  their 
suitability  for  use  in  locomotives.  Twelve  tons  of  this  coal  was  made 
on  a  Renfrow  machine  into  10-ounce  biscuit-shaped  briquets.  The 
remainder  was  made  into  briquets  4|  by  6f  by  2  J  mches,  averaging 
about  3|  pounds  each.  From  6  to  6^  per  cent  of  pitch  was  used  as  a 
binding  material  in  all  these  briquets. 

After  a  few  tests  on  a  switching  engine  to  determine  the  best  method 
of  firing  these  briquets,  two  tests  were  made  on  the  regular  passenger 
locomotive  of  the  Missouri  Pacific  Railway  from  St.  Louis  to  Sedalia, 
Mo.,  a  distance  of  188  miles.  On  a  similar  run  made  by  this  passenger 
tram,  with  the  same  engme  and  fireman,  lump  coal  was  used  from  the 
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Consolidated  Coal  Co.'s  No.  17  mine,  at  Collinsville,  111.,  this  coal 
being  taken  as  a  fair  average  of  that  ordinarily  used  by  the  Missouri 
Pacific  Railway  Co.  The  water  and  coal  consumed  were  hi  each  case 
carefully  weighed,  but  in  these  preliminary  tests  no  records  were  made 
of  the  steam  pressures  and  temperatures  of  the  feed  water. 

The  engine  steamed  freely  on  each  of  the  three  tests.  No  clinkers 
were  formed  on  the  grates  or  tube  sheet  with  the  Illinois  bituminous 
coal.  A  light  clinker  was  formed  over  the  gi-ates  in  both  runs  with 
the  Arkansas  coal,  which,  however,  did  not  interfere  with  the  engine 
making  the  required  amount  of  steam.  The  tube  sheet  clmkered  on 
the  run  usmg  Renfrow  briquets,  and  it  was  necessary  to  clean  off  the 
cUiiker  at  Jefferson  City,  125  miles  from  St.  Louis.  In  both  tests  the 
briquets  produced  little  smoke  and  were  reported  as  being  a  satisfac- 
tory fuel  for  locomotives  in  the  service  of  this  railroad.  The  mechan- 
ical engineer  of  the  company,  under  whose  supervision  these  tests 
were  made,  expressed  the  opinion  that  the  advantages  gained  in 
burnmg  the  briquets  were  more  than  sufficient  to  cover  the  cost  of 
their  manufacture. 

In  cooperation  with  the  ]\Iissouri  Pacific,  the  Lake  Shore  &  ^lichigan 
Central,  the  Chicago,  Rock  Island  &  Pacific,  the  Chicago,  Burlington 
&  Quincy,  and  the  Chicago  &  Eastern  Illmois  Railroads,  100  locomo- 
tive tests  were  made  by  the  United  States  Geological  Survey  to 
determine  the  value,  as  a  locomotive  fuel,  of  briquets  made  from  a 
large  number  of  western  coals.  All  tests  were  made  on  locomotives 
in  actual  service  on  the  road.  In  some  tests  there  was  small  oppor- 
tunity for  procuring  elaborate  data,  but  in  others,  where  dynamometer 
cars  were  employed,  it  was  possible  to  obtain  more  detailed  results. 
The  purpose  that  these  tests  were  intended  to  serve  was  not  so  much 
to  determine  the  evaporative  efficiency  of  briquets  as  to  investigate 
their  behavior  in  practical  use. 

Briquets  made  from  Arkansas  semianthracite,  two  quafities  of 
Indian  Territory  slack,  Indian  Territory  screenmgs,  Missouri  slack, 
Indiana  Brazil  Block  slack,  coke  breeze,  and  a  mixture  of  coke  breeze 
and  washed  Illinois  coal  were  tested.  Comparisons  were  drawn 
either  with  the  same  coal  that  was  used  in  the  briquet  or  with  coal 
similar  to  it.  In  nearly  every  test  the  coal  when  burned  in  the  form 
of  briquets  gave  a  higher  evaporative  efficiency  than  when  burned  in 
the  natural  state.  For  example,  Indian  Territory  screenings  give  a 
boiler  efficiency  of  59  per  cent,  whereas  briquets  made  from  the  same 
coal'  give  an  efficiency  of  65  to  67  per  cent.  Decrease  in  smoke 
density,  the  elmiination  of  objectionable  clinkers,  and  a  seemhig 
decrease  in  the  quantity  of  cinders  and  sparks  are  named  as  the  chief 
reasons  for  this  increased  efficiency. 

Locomotive  tests  at  Altoona,  Pa. — A  series  of  steaming  tests  on  a 
locomotive  was  made  under  the  direction  of  A.  W.  Gibbs,  general 
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superintendent  of  motive  power  of  the  Pennsylvania  Railroad  Co., 
by  E.  D.  Nelson,  engineer  of  tests  at  Altoona,  Pa.,  to  determine  the 
comparative  evaporative  efficiency  of  briquets  and  of  the  run-of- 
mine  coal  of  which  they  were  made.  The  coal  selected  for  the  tests 
was  taken  froni  a  mine  workhig  the  Lower  Kittanning  coal  bed  near 
Lloydell,  Cambria  County,  Pa.  This  coal  is  a  very  friable,  bitumin- 
ous coal,  low  in  volatile  matter.  After  exposure  to  the  weather  for 
30  days  before  being  briquetted  the  lot  of  coal  showed  httle  change 
except  a  decided  increase  in  moisture,  which,  however,  was  elimi- 
nated in  the  briquetting  process.  The  briquets  tested  on  this  loco- 
motive were  of  two  sizes,  namely,  those  from  the  Enghsh  machine 
and  those  from  Renfrow  No.  1  machine."  The  proportion  of  binding 
material  present  ranged  from  5  to  8  per  cent  of  water-gas  pitch. 

The  locomotive  used  for  all  tests  was  a  simple  Atlantic  (4-4-2) 
type  of  passenger  locomotive  of  the  Pennsylvania  Railroad  Co.'s 
class  E-2a.  The  following  conclusions  are  warranted  from  these 
tests  according  to  W.  F.  M.  Goss: 

The  evaporation  per  pound  of  fuel  is  greater  for  the  briquetted 
Lloydell  coal  than  for  the  same  coal  in  its  natural  state.  This  advan- 
tage is  maintained  at  all  rates  of  evaporation.  The  capacity  of  the 
boiler  is  considerably  increased  by  the  use  of  briquetted  coal.  Briquet- 
ting  appears  to  have  Httle  effect  in  reducing  the  quantity  of  cinders 
and  sparks;  the  calorific  value  of  cinders,  however,  is  not  so  high  in 
the  briquetted  as  in  the  natural  fuel.  The  density  of  the  smoke  with 
the  briquetted  coal  is  much  less  than  with  the  natural  coal.  The 
percentage  of  binder  in  the  briquet  has  little  influence  on  smoke 
density.  The  percentage  of  binder  for  the  range  tested  appears  to 
have  little  or  no  influence  on  the  evaporative  efficiency. 

The  expense  of  briquetting  under  the  conditions  of  the  experi- 
ments adds  about  SI  per  ton  to  the  price  of  the  fuel,  an  amount  that 
does  not  seem  to  be  warranted  by  the  resulting  increase  in  evapora- 
tive efficiency.  With  careful  firing,  briquets  can  be  used  at  terminals 
with  a  considerable  decrease  in  smoke.  The  briquets  appear  to 
withstand  exposure  to  the  weather  and  suffer  Httle  deterioration 
from  handHng. 

Tests  of  briquets  on  locomotive  at  Norfolk,  Va. — In  connection  with 
the  work  at  Norfolk,  comparative  steaming  tests  were  made  in  sta- 
tionary, marine,  and  locomotive  boilers  with  run-of-mme  coal  and 
the  same  coal  formed  into  briquets  of  two  sizes.  The  tests  in  a  loco- 
motive boiler  were  undertaken  by  W.  T.  Ray  and  Henry  Kreisinger 
to  add  cumulative  evidence  to  work  done  at  other  places^  They 
were  made  possible  through  the  courtesy  of  the  Seaboard  Air  Line 
Railway  Co.  in  supplying  both  the  locomotive  and  the  coal  used. 
During  the  trials  the  locomotive  stood  on  a  side  track  in  the  shop 

a  For  shapes  and  sizes  of  these  briquets  see  the  description  of  the  Renfrow  No.  1  machine  (p.  26). 
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yards  of  the  railway  company  at  Portsmouth,  Va.     No  running  tests 
were  made. 

The  primary  object  of  the  tests  was  to  study  the  relative  per- 
formances  of  the  two  types  of  briquets,  and  of  the  coal,  with  reference  i  f 
to  efficiency,  tendency  to  smoke,'  and  the  ease  with  which  steam 
could  be  kept  up,  when  each  of  the  three  varieties  of  fuel  was  burned 
at  several  rates  of  combustion. 

All  of  the  coal  was  in  run-of-mine  form  from  the  Turkey  Gap  mine, 
Pocahontas  No.  3  bed  at  Ennis,  McDowell  County,  W.  Va.  Part  of 
it  went  to  the  briquetting  section  of  the  fuel-testing  plant  at  Norfolk, 
where  it  was  designated  Jamestown  No.  13  and  made  into  two  sizes 
of  briquets  on  the  English  and  Renfrow  No.  2  machines. ° 

Ray  and  Kreisinger  ^  give  the  following  conclusions  from  this  set  of 
tests : 

The  combustion  of  suitable  fuel  can  be  kept  at  about  the  same 
completeness  over  a  wide  range.  This  is  the  result  of  the  scrubbing 
action  of  rapidly  moving  currents  of  gases.  In  the  case  of  combus- 
tion in  the  fuel  bed,  the  COj  formed  at  the  surface  of  the  particles 
of  fuel  is  replaced  by  fresh  uncombined  oxygen. 

At  low  rates  of  working,  run-of-mine  coal  gives  a  higher  equivalent 
evaporation  than  briquets;  at  medium  rates  there  is  little  difference; 
at  high  rates,  briquets  do  considerably  better.  There  is  little  differ- 
ence between  the  large  and  the  small  briquets;  the  larger  ones 
crumble  less.  The  smaller  briquets  are  easier  to  fire  than  are  the  larger 
ones;  either  form  gives  the  fireman  far  less  work  and  trouble  than 
run-of-mine  coal.  In  sparks  briquet  fires  lose  less  than  coal  fires. 
On  roads  having  heavy  grades  it  wdll  probabl}^  pay  well  to  burn 
briquets,  at  least  part  of  the  time. 

The  high-capacity  test  run  with  briquets  (test  14)  was  by  no 
means  the  upper  limit  of  fairly  efficient  combustion  and  evaporation. 
These  particular  briquets  produced  about  as  much  smoke  as  the 
coal  under  similar  conditions;  some  of  the  blame  for  this  tendency 
to  smoke  may  rest  on  the  pitch  binder. 

Perhaps  it  would  pay  to  add  combustion  chambers  several  feet 
long  to  the  front  of  locomotive  fire  boxes,  and  to  use  a  larger  number 
of  shorter  and  smaller  boiler  tubes. 

The  details  of  these  tests  may  be  found  in  Bureau  of  Mines  Bul- 
letm  34.^' 

Tests  on  the  Chesapeake  &  OTiio  Railwaij. — In  December,  1907,  the 
United  States  Geological  Survey  cooperated  Avdth  the  Chesapeake  & 
Ohio  Railway  Co.  in  making  a  series  of  comparative  road  tests  of 
run-of-mine  coal  and  briquets  of  the  same  coal  on  a  locomotive  in 
regular  service.     These  tests  were  conducted  under  the  supervision 

a  For  sizes  and  shapes  of  these  briquets  see  descriptions  of  these  machines. 

b  Ray,  W.  T.,  and  Kreisinger,  Henry,  Tests  of  mn-of-mine  and  briquetted  coal  in  a  locomotive  boiler. 
50  pp.,  10  figs,  (reprint  of  U.  S.  Ceol.  Survey  Bull.  412). 
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of  J.  F.  Walsh,  superintendent  of  motive  power.  One  car  of  fuel 
was  used  in  tests  on  a  passenger  locomotive  between  Old  Point  and 
Richmond,  Va.,  and  four  cars  on  through  express  locomotives 
between  Washington,  D.  C,  and  Charlottesville,  Va.  The  briquets 
were  made  at  the  fuel-testing  plant  of  the  Geological  Survey  at  Nor- 
folk, Va.,  from  run-of-mme  coal  furnished  by  the  railroad  company, 
with  6  per  cent  of  water-gas  pitch  used  as  a  binder. 

The  coal  for  these  tests  came  from  the  Fire  Creek  coal  bed  at 
IMinden,  New  River  district.  West  Virginia.  The  sample  consisted 
of  run-of-mine  coal  and  reached  the  testing  plant  after  having  been 
exposed  to  the  weather  8  to  16  days. 

No  attempt  was  made  in  these  tests  to  make  careful  measurements 
of  fuel  and  water;  however,  during  the  tests  the  following  facts  were 
developed:  The  briquets  ignited  freely,  made  an  intensely  hot  fire, 
and  emitted  very  little  smoke.  It  was  found  that  a  comparatively 
heavy  fire  could  be  carried  without  danger  of  clinkering.  Few  ashes 
were  left  in  the  fire  box  or  ash  pan,  and  the  cinder  deposit  was  small. 
The  results  do  not  show^  that  any  apparent  improvement  in  evaporative 
efficiency  was  obtained  by  the  use  of  briquets,  as  compared  with  that 
obtainable  from  the  natural  fuel. 

Tests  on  the  Atlantic  Coast  Line  Railroad. — W.  F.  M.  Goss,  in 
Bureau  of  Mines  Bulletin  37  "^  gives  a  synopsis  of  tests  of  briquets 
on  the  Atlantic  Coast  Line  Railroad.  That  synopsis  is  abstracted 
below. 

The  results  of  comparative  tests  of  run-of-mine  New  River  coal  and 
of  briquets  of  the  same  fuel,  made  in  December,  1907,  on  a  locomotive 
in  the  regular  passenger  service,  are  presented  in  the  following  table. 
The  tests  were  conducted  under  the  supervision  of  R.  E.  Smith, 
general  superintendent  of  motive  power  of  the  railroad,  in  coopera- 
tion with  the  United  States  Geological  Survey.  Sixteen  complete 
test  trips  were  run  between  Rocky  Mount  and  Wilmington,  N.  C, 
with  the  same  engine,  crew,  and  trains.  An  equal  number  of  tests 
were  made  with  run-of-mine  coal  furnished  by  the  railroad  company 
and  with  round  and  rectangular  briquets  made  at  the  Geological 
Survey  fuel-testing  plant  at  Norfolk,  Va.,  mth  6  per  cent  of  water-gas 
pitch  binder. 

Results  of  comparative  tests  of  New  River  coal  and  of  briquets. 


Coal. 


Briquets. 


Number  of  test  trips 

Total  pounds  consumed 

Average  pounds  consumed  per  trip. 

Average  tons  consumed  per  trip 

Total  engine-mUes 

Total  car-miles 

Pounds  consumed  per  car-mile 

Average  cars  per  train 


Ifi 

16 

172, 700 

161,980 

10, 794 

10,124 

5.397 

5.062 

1,9S4 

1,984 

10,912 

12,896 

15.8 

12.5 

5.5 

6.5 

o  Goss,  W.  F.  M.,  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  locomotives.    58  pp.,  4  pis., 
35  figs,  (reprint  of  U.  S.  Geol.  Survey  BuU.  363). 
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It  is  reported  that  from  a  practical  standpoint  the  briquets  thus 
tested  were  very  satisfactory.  Their  use  was  found  to  eliminate  all 
black  smoke.  No  objectionable  clinker  was  formed  and  the  fuel 
seemed  to  burn  completely. 

TESTS    ON    TORPEDO    BOAT    "bIDDLe/' 

The  fuel  tests  conducted  at  Norfolk  included  a  detailed  investiga- 
tion of  a  number  of  Virginia  and  West  Virginia  coals  that  are  bought 
by  the  United  States  Government  for  the  Navy  and  for  use  in  con- 
structing the  Panama  Canal,  and  are  extensively  used  by  the  mer- 
chant marine,  manufacturing  plants,  and  railroads.  Through  a 
cooperative  arrangement  with  the  Navy  Department,  steaming  tests  i 
of  the  coals  and  their  briquets  were  undertaken  to  determine  their 
relative  merits  in  marine  boilers. 

The  tests  were  made  on  board  the  U.  S.  torpedo  boat  Biddle,  begin- 
ning December  6,  1907,  and  ending  January  27,  1908,  by  W.  T.  Ray 
and  Henrj^  Kreisinger.  The  results  are  reported  in  Bureau  of  Mines 
BuUetui  33. « 

The  coal  used  in  these  tests  came  from  the  Sewell  and  Beckley  beds 
in  the  New  River  district  of  West  Virginia.  With  the  particular 
equipment  used  in  the  test  both  coal  and  briquets  were  far  from 
smokeless.  The  possibilities  of  coals  of  different  composition  are 
indicated  by  the  data  to  be  published  later  by  the  Bureau  of  IVIines. 
A  number  of  tests  were  made  in  which  only  little  smoke  w^as  emitted 
while  burning  raw  coal  from  the  Pocahontas  No.  3  coal  bed,  West 
Virginia,  and  briquets  made  therefrom.  At  a  combustion  rate  of 
120  pounds  of  the  Pocahontas  briquets  per  square  foot  of  grate  sur- 
face there  was  scarcely  any  smoke. 

The  coal  used  in  these  tests  and  in  making  the  briquets  was  all  in 
run-of-mine  form  and  came  from  three  different  mines,  all  of  which 
are  located  on  the  Chesapeake  &  Ohio  Railway  and  in  the  New  River 
coal  field.  These  coals  are  designatetl  Jamestown  No.  6  ^,  James- 
town No.  9  ^,  and  Jamestown  No.  11^.  The  briquets  were  made  on  the 
English  and  Renfrow  No.  2  machines  at  Norfolk,  Va. 

The  main  object  of  these  tests  was  to  determme  whether  the  use  of 
briquetted  coal  on  torpedo  boats  has  any  advantages  over  the  use  of 
raw  coal.  Besides  comparing  the  economy  obtained  with  briquetted 
and  raw  coal,  the  follo\ving  properties  of  the  two  fuels  were  given 
particular  attention:  The  tendency  to  smoke;  the  amount  of  sparks 
emitted  from  the  stack;  the  rate  at  which  steam  can  be  made  and 
the  ease  with  which  the  fires  are  handled;  and  the  ease  of  transferring 
fuel  from  the  coal  bunkers  into  the  fireroom. 

oRay,  W.  T.,and  Kreisinger,  Henry,  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  the 
torpedo  boat  Biddle. 
b  See  table,  p.  41. 
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In  all,  21  tests  were  made,  10  with  nin-of-mine  coal,  3  with  English- 
machine  briquets,  and  8  with  Renf row-machine  briquets.  No  test 
was  run  with  the  rate  of  combustion  below  20  pounds  per  square  foot 
of  grate  per  hour.  For  the  sake  of  comparison  the  tests  of  briquets 
were  made  at  approximately  the  same  rates  of  combustion  as  the 
tests  of  the  run-of-mine  coal  of  which  the  respective  briquets  were 
made. 

Messrs.  Ray  and  Kreisinger,  who  conducted  these  tests,  give  the 
following  conclusions  based  on  the  results  of  the  tests  and  applying 
only  to  the  tests  of  New  River  run-of-mine  coals  when  burned  under 
a  boiler  of  the  Normand  type  and  on  vessels  of  the  torpedo-boat  class. 

There  is  little  or  no  gain  in  efficiency  in  burning  briquets  of  either 
size.  Both  large  and  small  briquets  make  as  much  (or  more)  smoke 
as  run-of-mine  coal.  There  seems  to  be  more  flaming  in  stack  with 
briquets  than  with  run-of-mine  coal.  About  as  many  sparks  are 
emitted  from  the  stack  whether  briquetted  or  run-of-mine  coal  is 
burned.  Wlien  burning  briquets  the  fire  need  not  be  disturbed; 
with  coal  the  fuel  bed  has  to  be  broken  up,  generally  after  each  firing. 
A  somewhat  higher  boiler  capacity  can  be  obtained  with  briquets 
than  with  run-of-mine  coal.  Steam  can  be  raised  more  quickly  with 
briquets  than  with  run-of-mine  coal.  Run-of-mine  coal  is  transferred 
much  more  readily  than  briquets  from  the  coal  bunker  to  the  fireroom. 
With  briquets  the  capacity  of  a  coal  bunker  is  reduced  23  to  27  per 
cent. 

The  details  of  these  tests  may  be  found  in  Bureau  of  Mines  Bulle- 
tin 33. « 

DOMESTIC-FURNACE    TESTS. 

Briquetted  coal  has  been  frequently  tested  in  the  hand-fired  fur- 
naces under  the  Heine  boilers  in  the  Survey  fuel-testing  plant  at  St. 
Louis.  The  results  were  so  satisfactory  that  two  series  of  tests  were 
conducted  to  determine  the  value  of  this  fuel  for  domestic-heating 
purposes.  A  number  of  evaporation  tests  were  made  on  the  house- 
heating  boiler  of  the  structural-materials  laboratory,  both  briquets 
and  coal  being  used.  After  these  tests  were  well  under  way  a  carload 
of  briquets  was  shipped  to  the  University  of  Illinois  engineering 
experiment  station  at  Urbana,  111.,  where  two  house-heating  boilers 
were  available.  This  equipment  permitted  more  unifonn  conditions 
of  pressure  and  capacity,  making  the  results  more  valuable  for  com- 
parison. 

Perhaps  the  most  important  result  obtained  is  that  showing  the 
relative  value  of  different  fuels  for  domestic  purposes.  The  tests 
show  that  with  a  sectional  boiler  the  effectiveness  of  different  fuels 

a  Ray,  W.  T.,  and  Kreisinger,  Henry,  Comparative  tests  of  run-of-mine  and  briquetted  coal  on  the  tor- 
pedo boat  Biddle. 
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depends  on  the  number  of  thermal  miits  they  contain.  One  basis  for 
ascertaining  the  relative  value  of  different  fuels  lies  in  the  cost  of 
evaporating  1,000  pounds  of  water.  If,  for  example,  at  a  certain 
place  antlu'acite  costs  $8  a  ton  and  Pocahontas  bituminous  coal  $4, 
the  cost  of  evaporating  1,000  pounds  of  water  with  antlu-acite  would 
be  52  cents  and  with  the  bituminous  coal  23.68  cents.  This  shows 
that  a  saving  of  about  $4  a  ton  for  the  same  amount  of  work  done 
woidd  be  effected  by  purchasmg  the  bituminous  coal. 

A  comparison  of  results  with  coal  and  mth  briquets  shows  no 
advantage  hi  the  briquets  over  coal  of  a  size  larger  than  screened  nut. 
Briquetting  good  bituminous  coal  would  be  justified  only  when  slack 
is  used.  The  briquets  tested  gave  much  smoke,  wliich  was  due  to  the 
pitch  used  as  a  binder. 

The  briquets  and  coal  burned  in  the  tests  at  St.  Louis  came  from 
eleven  States  and  Territories.  There  were  58  tests — 11  on  raw  coals, 
34  on  round  briquets,  and  13  on  square  briquets.  Most  of  the  tests 
were  run  for  about  eight  hours  at  a  steam  pressure  of  2  to  3  pounds. 
The  charge  of  fuel  at  each  firing  ranged  from  55  to  175  pounds.  The 
interval  between  firings  varied  considerabl}^;  in  some  tests  coal  was 
fired  every  half  hour,  and  in  others  every  two  hours.  The  average 
efficiency  in  all  the  tests  was  51.48  per  cent;  it  ranged  from  38.67  per 
cent  vnth  an  Illinois  coal  to  65.36  per  cent  with  a  Virginia  coal.  The 
average  percentage  of  builders'  rated  capacity  developed  was  59.2; 
it  ranged  from  44  per  cent  with  an  Illinois  coal  to  77.2  per  cent  with 
an  Indian  Territory  coal.  The  lowest  boiler  horsepower  developed 
was  12.1  and  the  highest  20.6.  With  the  cost  of  fuel  assumed  at  $1 
per  2,000  pounds,  the  cost  of  evaporating  1,000  pounds  of  water  from 
and  at  212°  F.  ranged  from  5.56  cents  for  a  briquetted  Pennsylvania 
coal  to  1 1 .93  cents  for  a  briquetted  Illinois  coal.  Most  of  the  briquets, 
whether  made  from  eastern  or  western  coal,  smoked  badly  for  several 
minutes  after  firing.  Of  the  coals  tested  raw,  six  were  western  and 
five  eastern.  The  high-volatile  western  coals  smoked  badly,  but  the 
eastern  coals  made  comparatively  little  smoke. 

An  average  capacity  of  65  per  cent  was  maintained  on  the  24  bri- 
quetting tests  at  Urbana,  the  range  being  from  53.2  to  71.4  per  cent. 
To  carry  only  65  per  cent  of  the  rated  radiating  surface,  the  draft 
was  wholly  or  very  nearly  cut  off  for  one-half  to  three-fourths  of  the 
time.  The  boiler  horsepower  developed  on  boiler  A  ranged  from 
4.52  to  4.96  and  on  boiler  B  from  4.97  to  6.16.  The  average  efficiency 
of  the  boiler  and  furnace  (dry-coal  basis)  was  44.85  per  cent  for  the 
24  tests.  A  comparison  of  eight  tests  of  briquets,  of  which  four  were 
made  of  large  briquets  and  four  of  small  briquets,  shows  that  the 
large  briquets  invariably  gave  an  appreciably  higher  efficiency,  indi- 
cating that  size  is  an  important  factor.  With  the  cost  of  fuel  assumed 
at  $1  per  2,000  pounds,  the  cost  of  evaporating  1,000  pounds  of  water 
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jfrom  and  at  212°  F.  ranged  from  6.74  cents  with  a  Pennsylvania 
briquet  to  12.47  cents  with  an  lUinois  briquet.  The  briquets  started 
readily  from  a  wood  fire  and  burned  well,  but  owing  to  the  difficulty 
of  obtaining  complete  combustion,  the  average  efficiency  from  an 

!  eight-hour  test  was  low.  The  formation  of  soot  in  the  flues  of 
boiler  B  was  more  troublesome  and  affected  the  economy  more  than 
in  boUer  A.  So  much  soot  was  formed  from  partial  combustion  of 
the  briquets  in  both  boilers  that  the  flues  were  blown  after  every 
test.  In  two  tests  the  flues  of  boder  B  were  completely  stopped  at 
the  end  of  the  eight-hour  run. 

DISCUSSION    OP   RESULTS. 

On  comparing  the  results  of  these  tests  there  seems  to  be  no  advan- 
tage in  the  briquets  over  coal  of  a  suitable  size  for  house-heating 
!  boilers.  Briquetting  a  good  bituminous  coal  would  be  justified  only 
iwhen  slack  is  used  and  the  gain  from  briquetting  would  He  almost 
i  entirely  in  the  more  favorable  size  of  the  fuel.  This  gain  would  be 
less  for  coals  that  coke  readily  than  for  noncoking  coals.  Briquets 
made  from  slack  burn  fairly  well,  as  they  allow  the  air  to  pass  through 
the  fuel  bed. 

The  experiments  showed  that  the  pitch  binders  used  are  not  suitable 
for  a  furnace  working  at  the  low  temperatures  common  in  a  house- 
heating  boiler,  as  they  volatiUzed  and  generally  escaped  unburned 
or  were  deposited  on  the  surface  of  the  boder.  In  the  St.  Louis  tests 
this  coating  burned  off  once  or  twice  a  day,  causing  a  high  tempera- 
ture in  the  flue  and,  as  a  consequence,  danger  from  fire.  There  was 
a  similar  deposit  of  tarry  matter  on  the  boilers  at  Urbana,  but  it 
did  not  ignite,  probably  because  of  the  better  control  of  the  fire. 
Tliis  deposit  reduced  the  efficiency  of  the  boiler.  Briquets  with 
binders  that  do  not  volatihze  so  readily  would  probably  show  superior 
results. 

The  briquets  tested  gave  off  much  smoke,  owing  to  the  nature  of 
the  binder.  The  results  of  these  tests  indicate  that  coals  containing 
the  higher  percentages  of  fixed  carbon  give  the  least  smoke  and  the 
best  results  for  economy. 

SPECIAL  TESTS. 

Certain  special  combustion  tests  of  briquets  were  made  as  described 
below. 

WATEK-GAS    MACHINE    TEST. 

The  first  special  test  comprised  a  water-gas  machine  test.  The 
object  of  the  test  was  (1)  to  determine  whether  briquets  could  be 
used  as  fuel  for  the  production  of  water  gas;  (2)  to  compare  the 
results  obtained  with  those  from  retort  coke;  and  (3)  to  observe  the 
behavior  of  the  briquets  in  the  apparatus. 
92012°— Bull.  58—13 9 
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The  briquets  made  in  test  164  (Arkansas  No.  13)  were  shipped  to 
the  I^aclede  Gas  Co.,  St.  Louis,  Mo.,  and  tested  in  an  8^-foot  Loavc 
water-gas  macliine.  This  machine  has  a  rated  capacity  of  1,000,00(1 
cubic  feet  in  24  hours.  The  test  was  made  under  the  direction  of 
W.  A.  Baehr,  chief  engineer  of  the  company. 

Results  of  water-gas  machine  test  of  briqtiets. 


Item. 


Length  of  blast ., minutes 

Lengt  h  of  run do. . 

Total  number  of  cycles 

Total  number  of  rims  made 

Total  briciucts  used pounds 

Total  gas  recorded  by  meter  in  48  hours cubic  feet 

Correction  for  relief  holder do.. 

Total  gas  made  in  4S  hours do . . 

Average  teinperat\ire  of  gas  metered °  F 

Total  gas  made  in  4S  hours  corrected  to  60°  F cubic  feet 

Total  oil  used  in  4S  hours gallons 

Average  pressure  of  air  during  blast inches  of  water 

Average  steam  pressure  during  runs pounds 

Briquets  per  l,tX)0  feel  of  gas  as  metered  (corrected  to  60°  F.) do.. 

Five-hour  coke  per  1,000  feet  of  gas  as  metered  (corrected  to  60°  F.) do. . 

Oil  per  1,000  feet  gas  as  metered  (corrected  to  60°  F.) gallons 

Average  luminosity  of  gas  made candlepower 

Average  amount  of  gas  made: 

Wit li  briquets do . . 

With  a-hour  coke do. . 

-Average  heat  value  of  gas  made: 

With  briquets B.  t.  u 

With  5-hour  coke do. . , 

-Vverage  yield  of  gas  as  metered  per  run: 

Wit  h  briquets cubic  feet , 

\\ith  0-hour  coke do. . 

Average  amount  of  oil  per  run gallons 


Record. 


5' 
6> 

421 

2131 

8.5,100 

1,959,000 

m,  100 

1,902,900 

73 

1, 854, 000 

7,710 

22. 5| 

29.21 

45.9 

31.5 

4.16 

19.4 


4.65 
5.60 

624 
643 

8,940 

8, 450 

36.2 


CUPOLA    TEST. 

The  briquets  (coke  breeze)  made  in  test  247  (see  pp.  264,  265)  were 
sent  to  the  Madison  plant  of  the  American  Car  &  Foundry  Co.,  of  St. 
Louis,  ^fo.,  and  were  tested  in  a  cupola.  The  object  was  to  deter- 
mine whether  coke  breeze  when  briquetted  could  be  made  to  replace 
coke  in  foundry  practice.  It  was  hoped  that  by  the  addition  of  lime 
the  briquets  would  be  able  to  support  the  weight  above  until  they 
became  thorouglily  coked. 

Coke  was  used  during  the  first  charges  and  150  pounds  of  briquets 
was  used  in  each  of  the  last  five  charges.  The  briquets  were  consid- 
erably ])roken  during  the  charging  of  the  iron  and  let  the  iron  down 
below  tlic  melting  zone. 

COKING  OF  BRIQUETS  AND  BRIQUET  MIXTURES. 

Tlic  first  experimental  attempt  to  coke  briquets  was  ^nth  some 
of  the  briquets  made  from  Arkansas  No.  4  coal  and  6  per  cent  of 
pitch  B.  A  box  was  filled  ^vith  about  12  crushed  briquets  and  then 
placed  in  one  of  the  coke  ovens,  where  it  remained  during  a  run 
of  a  coking  coal.  The  result  of  this  experiment  was  a  mass  of  coke 
that  was  12  to  15  inches  long  and  somewhat  metallic  in  appearance. 


DETAILS    OF    BRIQUETTING    TESTS.  121 

In  the  next  experiment  the  box  was  filled  with  a  mixture  of  Arkansas 
No.  4  coal  with  6  per  cent  of  pitch  B,  but  witliout  being  passed 
through  the  press.  The  mixture  was  treated  in  the  coke  oven  simi- 
larly to  the  other,  but  the  results  were  not  so  satisfactor}"  as  m  the 
first  case.  The  next  experiment  was  with  the  same  mixture  bri- 
quetted.  The  briquets  were  placed  in  a  box  and  tested  in  the  coke 
oven  in  the  same  manner  as  the  others.  The  result  of  this  test  was 
masses  of  coke  that  retamed  the  form  of  the  original  briquet.  All  of 
the  coke  obtained  by  these  experiments,  although  not  of  tlie  quaUty 
desired  for  u'on  smelting,  could  Be  used  for  lead  and  copper  smelt- 
ing. 

Another  experiment  on  a  larger  scale  was  vnth  two  tons  of  Arkan- 
sas No.  6  slack  coal.  This  coal  was  mixed  with  8  per  cent  of  pitch  A 
and  then  ground  in  the  Williams  mill  and  charged  into  a  coke  oven, 
together  with  an  equal  weight  of  the  same  mixture  that  had  been 
previousl}^  briquetted.  Both  mixtures  made  coke,  but  not  of  the 
best  quality.  The  experiments  seemed  to  show  that  although  a  coke 
can  be  made  by  mixing  coal  and  pitch  a  better  quality  is  obtained 
by  previously  briquetting  the  mixture;  however,  sufficient  experi- 
ments along  this  line  have  not  yet  been  made  to  justify  any  definite 
conclusions. 

DETAILS   OF  BRIQUETTING  TESTS. 

The  data  obtained  from  the  general  briquetting  tests  at  the  several 
experiment  stations  are  presented  below. 

ALABAMA  NO.  1. 

Briquetting  tests  were  made  of  a  sample  of  bituminous  coal  (over 
1-inch  screen)  from  a  mine  H  miles  west  of  Horse  Creek,  Walker 
County,  on  the  Frisco  system.  The  tests  were  conducted  at  the 
St.  Louis  plant. 

This  is  a  coking  coal  which  can  be  readily  briquetted  with  hard 
pitch  and,  under  extreme  pressure,  can  be  briquetted  without  the 
addition  of  any  binder.  There  was  4.5  tons  of  this  coal  briquetted 
on  the  English  machine  with  7  per  cent  of  tlie  hard  pitch  A.  The  bri- 
quets were  strong  and  rather  satisfactory,  except  for  porosity  due  to 
a  lack  of  sufficient  pressure.  The  briquets  stand  up  well  in  the  fire, 
but  on  long  exposure  to  the  weather  disintegrate  somewhat.  The 
weight  of  the  briquets  averaged  5  J  pounds  each. 
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Chemical  analyses  of  coal  and  hnqxiets. 


Briquets, 


Laboratory  No ". 

Proximate: 

Air-cirying  loss per  cent. 

MoLst  lire do. . . 

Volatile  matter do. . . 

Fixed  carbon do. . . 

Ash , do... 

Sulphur do . . . 

Ultimate: 

Hydrogen do. . . 

Cfirbon - do. .. 

Nitrogen do . . . 

Oxygen do. . . 

Heat  value B.  t.  u. 


1194  j 

1.201 

2.631 

33.00' 

50.96' 

13.41 

.94 

4.71 

72.65 

1.42 

6.49 

12, 755 


ALABAMA  NO.  2B. 

Seven  tons  of  bituminous  coal  from  C^arbon  Hill,  Walker  County, 
on  the  Frisco  system,  was  used  in  tests  131.1  to  131.4.  Steaming 
test  410  was  conducted  with  the  briquets  made  from  this  fuel.  The 
English  briquets  with  5  and  6  per  cent  of  binder  were  good  briquets; 
fracture  clean ;  edges  and  surfaces  firmer  with  6  per  cent  than  with  5 
per  cent  binder.  The  Renfrow  briquets  made  with  6  per  cent  of  pitch 
showed  evidence  of  shortage  of  binder;  surfaces  crumbled  and  frac- 
ture not  clean.  Seven  per  cent  of  binder  made  briquets  with  hard, 
firm  surfaces;  they  broke  without  crumbling. 

Briquetting  tests. 


Test.  No. 

131.1. 

131.2.                     131.3. 

131.4. 

r.  0.  m. 

2.8 
11.6 
21.2 
23.4 
41.0 

English. 
175 

W.  Ci.  P. 

3410 

5 

(«) 

3.31 

91.5 
8.5 

197 
B 

r.  0.  m. 

2.8 
11.6 
21.2 
23.4 
41.0 

English. 
175 

W.  G.  P. 

3410 

6 

(a) 

3.31 

r.  0.  m. 

2.8 
11.6 
21.2 
23.4 
41.0 

Renfrow  No.  1. 
149 

w.  G.  r. 

341(1 
6 

(a) 

0.47 

r.  0.  m. 

2.8 
11.6 
21.2 
23.4 
41.0 

Size  as  used- 
Over  +  inch per  cent. . 

■^  inch  to  J  inch do 

,^  inch  to  T^  inch do 

■}s  inch  to  ,V  inch do 

Through  ^  inch do 

Details  of  numufacture: 

Machine  used 

Briquetling  temperature "F. . 

Binder- 
Kind 

149 
W   G   P 

Laboratory  No 

3410 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet,  average do 

Drop  test  (1-inch  screen): 

Held per  cent. . 

7 
0.47 

Pdssed do 

Weather  test: 

Time  exposed days. . 

201 
B 

200 

Condition 

B 

0  Total  weight  of  fuel  briquetted,  14,000  pounds. 
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Chemical  analyses  of  coal  and  briquets. 
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Car  sample. 


Test  131.0 


Laboratory  No 

Proximate: 

Moisture per  cent 

Volatile  matter do.. 

Fixed  carbon do.. 

Ash. do. . 

Sulphur do. . 

Ultimate: 

Hydrogen 

Carbon do. . 

Nitrogen do.. 

Oxygen do.. 

0,  Composite  sample  of  briquets  from  several  lots. 
Extraction  analyses. 


3211 

3.95 
30.70 
50.76 
14.59 

1.12 

4.30 

68.94 

1.55 

8.85 


3.43 
32.74 
51.34 
12.49 

1.24 

4.77 

72.17 

1.58 

7.27 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CSj  (as  received) do. . . 

Pitch  in  briquet  by  analysis do... 

Heat  value B.  t.  u.. 


Pitch. 


3410 


79.98 
'i6,'478 


Fuel. 


A-2B. 


3211 
1.70 
1.35 


11,785 


Briquet. 


Test  131. 


4.75 

4.32 

12,115 


ALABAMA  NO.  4. 

Seven  and  one-half  tons  of  bituminous  coal  from  Cane  Creek,  3 
miles  north  of  Belle  Ellen,  Bibb  County,  on  the  Louisville  &  Nash- 
ville Railroad,  was  used  in  briquetting  tests  123A  to  123H.  Steaming 
test  413  was  conducted  with  the  briquetted  fuel. 

English  briquets  with  5.5  per  cent  of  binder  had  edges  that 
crumbled  slightly,  but  the  surfaces  were  firm;  fracture  slightly 
crumbly.  With  6,  6.5,  and  7  per  cent  binder  the  outer  surfaces 
were  smooth  and  hard,  fracture  clean,  and  broken  surfaces  rough 
but  very  firm. 

Renfrow  briquets  made  with  6  and  6.5  per  cent  binder  crumbled 
easily,  and  broken  surfaces  were  crumbly.  With  7  and  7.5  per  cent 
of  binder  tough  briquets  resulted,  with  hard  and  smooth  outer  sur- 
faces; the  briquets  broke  with  clean  fracture. 
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Briquetting  tests. 


Test  No. 

123.\. 

123  H. 

123C.          123D. 

123E. 

123F. 

123G. 

123H. 

Size  as  shipped 

Size  as  useci: 

Over  i  inch, 
percent 

r.  0.  m. 

1.2 
.4.5 
14.0 
23.5 
56.8 

English. 

179.6 

W.  G.  P. 

3410 

5.5 

3.37 

r.  0.  m. 

r.  0.  m. 

r.  0.  m. 

r.  0.  m. 

T^jjinch  to  J  inch, 
percent 

,"6  inch  to  A  inch, 
percent 

^5  inch  to  ^  inch, 
percent 

Through  ^'^  inch, 
percent 

Details  of  manufac- 
ture: 
Machine  used 

Briquetting  tem- 
perature. ..°F.. 
Bmder — 

Kind 

L  a  b  0  ratory 
No.. 

English. 

179.6 
W.  G.  P. 

3410 
6 

3.37 

83.3 
16.7 

214 
B 

English. 

179.6 
W.  G.P. 

3410 
6.5 

3.37 

English. 

179.6 

W.G.P. 

3410 

7.0 

3.37 

Renfrew 
No.  1. 

149 

W.G.P. 

3410 

6 

0.43 

Renfrew 
No.  1. 

149 

W.G.P. 

3410 

6.5 

0.43 

Renfrew 
No.  1. 

149 

W.  G.  P. 

3410 

7.0 

0.43 

Renfrew 
No.  1. 

149 

AV.  G.  P. 

3410 

Amount,  per 

cent 

Average    weight 
of  briquet, 
pounds 

7.5 
0  43 

Drop  test  (1-inch 
screen): 
Held...  per  cent.. 

Passed do 

Weather  test: 

Time     exposed, 
days 

214 
B 

214 
B 

214 
B 

214 
C 

214 
C 

214 
C 

214 

Condition 

B 

Chemical  analyses  of  coal  and  briquets. 


Test  1?3. 


Laberatery  No , 

Proximate: 

Mo'sture 

Volatile  matter. 

Fixed  carbon . . . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


2.46 
32.27 
56.55 

8.72 
1.18 

4.72 

76.96 

1.32 

6.85 


Extraction  analyses. 


Pitch. 

Fuel. 

Briquets. 

Ala.  No.  4. 

Test  123. 

Laboratory  No 

3410 

3103 

5.50 

.43 

Air-drving  loss 

per  cent. . 

Extracted  by  CS2  (as  received) 

Pitch  in  briquet  by  analysis 

do 

do.... 

79.98 

4.86 
5.57 

Heat  value 

B.  t.u.. 

i6,478 

12,395 

13,590 

DETAILS   OF   BRIQUETTING   TESTS. 
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ARGENTINA  NO.  1. 

Coal  received  from  the  Province  of  Mendoza,  Argentina,  South 
America,  was  designated  Argentina  No.  1.  Steaming  test  485  was 
made  of  the  briquetted  fuel. 

Renfrow  briquets  made  with  7  per  cent  of  pitch  binder  were  very 
heavy  and  hard  and  gave  a  rough  fracture  without  crumbling  when 
broken.  The  coal  particles  were  firmly  cemented,  and  the  briquets 
could  be  handled  when  warm  without  breaking.  The  sample  of 
run-of-mine  fuel  used  for  the  briquetting  test  was  washed. 

Chemical  analyses  of  coal  and  briquets. 


Test  180. 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


8.75 

21.45 

33.75 

36.05 

.80 

3.41 

47.51 

.92 

7.77 


Extraction  analyses. 


Fuel. 


Argentina 
No.  1. 


Briquets. 


lest  180. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CS2  (as  received). 

Pitch  in  briquet  by  analysis 

Heat  value 


.percent. 

do... 

do... 

..B.  t.u. 


4543 
"'99.66" 
"  16,"  969" 


4079 
3.0 
.06 


6,320 


4.30 
6.10 
6.06 
7,515 


Briquetting  test. 


Size  as  shipped 

Size  as  used: 

Over  i  inch per  cent. . 

^  inch  to  i  inch do 

,V  inch  to  Tff  inch do — 

3'n  inch  to  5V  inch do 

Through  -4V  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature..  °F. . 
Binder: 

Kind 

Laboratory  No 

Amount . ." per  cent. . 

Weight  of— 

Fuel  briquetted.  .pounds. . 

Briquet,  average do 


Test  180. 


3.0 
8.4 
15.0 
19.2 
54.4 

Renfrow  No.  1 
185 

W.  G.  P. 

4543 

7 

6.0(K) 
0.  603 


Drop  test  (1-inch  screen): 

Held per  cent. 

Passed do. . . 

Tumbler  test  (l-inch  screen): 

Held do... 

Passed do... 

Fines  through  10-mesh  sieve 

per  cent 

Weather  test: 

Time  exposed days. 

Condition 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

.Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


Test  180. 


84.5 
15.5 


91.2 

8.8 


94.0 


1.44 
1.467 
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ARKANSAS  NO.  1. 

A  sample  of  semibituminous  coal  (over  IJ-inchi  screen)  from  Hunt- 
ington, Sebastian  County,  on  the  Frisco  system,  was  designated 
Arkansas  No.  1,  and  briquetting  tests  of  a  portion  of  the  sample  were 
made  at  the  St.  Louis  plant. 

This  coal  was  tested  only  with  hard  pitch  A,  as  this  was  the  only- 
pitch  available  at  the  time  the  coal  was  briquetted.  Six  tons  of  coal 
was  mixed  with  9.25  per  cent  of  this  pitch  and  made  into  briquets  on 
the  English  machine.  The  briquets  were  compact,  but  were  too  fri- 
able for  handling,  showing  that  they  contamed  uisufficient  pitch. 
They  were  brownish  and  dirty.  Judging  from  the  results  obtained 
in  working  with  other  Arkansas  coals,  this  coal  will  require  more 
than  the  usual  proportion  of  pitch. 

Although  the  actual  steaming  test  of  these  briquets  was  satisfactory 
as  compared  \%dth  the  tests  of  the  coal,  yet  the  briquets  could  not  be 
considered  a  commercial  product  on  account  of  their  friability. 

Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. . 

Moisture do 

\'olat  Ue  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

Ultimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do 

Heat  value B .  t.  u. . 


Briquets. 


0.94 
21.21 
67.65 
10.20 

1.73 

3.91 

79.76 

1.58 

2.70 

13,707 


ARKANSAS  NO.  2. 

A  sample  of  semibituminous  coal  (over  IJ-inch  screen)  from 
Bonanza,  Sebastian  County,  on  the  Frisco  system,  was  designated 
Arkansas  No.  2.  A  part  of  the  sample  was  subjected  to  briquetting 
tests  at  the  St.  Louis  plant. 

This  coal  was  tested  mth  the  hard  pitch  X,  which  at  the  time  was 
the  only  pitch  available.  The  briquets  were  made  in  the  English 
machine.  Six  tons  of  crushed  lump  coal  was  run  through  the  machine, 
with  approximately  11  per  of  cent  pitch.  The  briquets  were  pitchy 
and -AVTinkled  and  probably  contained  nearer  15  per  cent  than  11  per 
cent  of  pitch.  On  account  of  the  difficulty  of  setting  the  machine  to 
feed  accurate  proportions  of  pitch  and  coal,  the  later  experiments 
were  conducted  by  weighing  the  desired  quantities  of  binder.  Pitch 
X,  on  account  of.  its  hardness,  set  too  quickly  in  the  molds,  so  that 
the  briquets  were  insufficiently  pressed  and  consequently  porous. 
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Although  they  were  not  commercial  briquets,  a  steaming  test  was 
made  mth  them.  The  greater  percentage  of  volatile  matter  in  the 
briquets  is  due  to  the  large  proportion  of  pitch  used  in  them. 

Chemical  analyses  of  coal  and  briquets. 


Car  sample. 


Briquets. 


Laboratory  No 

Proximate: 

Air-drying  loss  per  cent 

MoLsture do.. 

Volatile  matter do.. 

FLsed  carbon do . . 

Ash do.. 

Sulphur do.  - 

Ultimate: 

Hydrogen do.. 

Carbon do . . 

Nitrogen do. . 

Oxygen do.. 

Heat  value B.  t.  u 


1160 

1.50 
2.23 
16. 02 
72.55 
9.20 
1.87 

4.08 

80.63 

1.41 

2.66 

13,750 


1112 

4.00 

4.88 

22.  49 

60.30 

12.33 

1.32 

4.06 

76.65 

1.54 

3.40 

12,915 


ARKANSAS  NO.  3. 

A  sample  of  semibituminous  coal  (over  l|-inch  screen)  from  Jenny 
Lind,  Sebastian  County,  on  the  Missouri  Pacific  Railroad,  was  desig- 
nated Arkansas  No.  3,  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  at  the  St.  Louis  plant. 

This  coal  was  briquetted  with  9.5  per  cent  of  the  hard  pitch  X. 
The  coal  was  slightly  moist,  and  passed  through  the  machine  without 
clogging  the  elevator.  As  the  coal  was  friable  it  was  reduced  almost 
to  a  flour  in  the  disintegrator.  The  briquets  had  smooth,  polished 
surfaces.  Some  of  the  briquets  as  delivered  by  the  machine  showed 
cracks,  perpendicular  to  the  pressure,  which  may  have  been  due  to  an 
excess  of  moisture.  The  briquets  weighed  on  an  average  6.8  pounds 
each. 

The  coal  was  also  tested  with  the  somewhat  softer  pitch  A.  One 
ton  of  the  coal  was  mixed  with  8.7  per  cent  of  pitch.  A  large  excess 
of  steam  was  introduced  into  the  pug  mill  so  as  to  soften  the  pitch  as 
much  as  possible.  The  briquets  were  smooth  and  easily  handled,  but 
pitchy.  Under  the  same  conditions  of  heat  and  pressure,  7.5  per 
cent  of  pitch  A  would  have  been  sufficient,  and  if  pitch  of  proper  grade 
were  used  a  still  smaller  amount  would  make  a  good  commercial 
briquet.  These  briquets  ignited  readily  and  did  not  disintegrate  in 
the  fire. 
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Chemical  analyses  of  coal  and  briquets. 


Car  sample. 


Briquets. 


Laboratory  No 

Proximate: 

Air-(in'ing  loss per  cent 

Moisture do.. 

Volatile  matter do . . 

Fixed  carbon do . . 

Ash do . . 

Sulphur - do. . 

Ultimate: 

Hydrogen. . . . do. . 

Carbon do . . 

Nitrogen... do.. 

Oxygen do . . 

Heat  value .' B.  t.  u 


1296 

1.40 
2.19 
19.47 
66.71 
11.63 
1.28 

4.02 

77.00 

1.56 

4.22 

13.464 


l.r,ii 
2. 1'iii 

17^:;-. 

62.  n; 

IS.dl 
1.41 

3.4^, 

72.47 

1.42 

2.72 

12.357 


ARKANSAS  NO.  4. 

A  sample  of  semibituniiiious  slack  coal  from  Demiiiig,  Franklin 
County,  on  the  Mssouri  Pacific  Railroad,  was  designated  Ai'kansas 
No.  4.  A  part  of  the  sample  was  subjected  to  briquetting  tests  at 
the  St.  Louis  plant. 

The  sample  consisted  of  slack  coal,  which  was  so  saturated  with 
water  when  received  that  it  had  to  be  dried  before  it  could  be  used. 
Wlien  dried  it  was  so  brittle  that  the  disintegratore  of  the  English 
machine  reduced  it  to  flour,  which  choked  the  elevator  and  other 
parts  of  the  machine.  The  first  run  made  with  this  coal  contained  12 
per  cent  of  hard  pitch  X,  and  although  the  briquets  when  first  received 
from  the  machme  were  compact  and  smooth,  they  were  unsatisfac- 
tory, and  on  exposure  to  the  weather  became  friable  and  soon  began  to 
disintegrate.  The  next  test  of  this  finely  divided  coal  was  with  pitch 
A.  One  ton  was  mixed  with  10  per  cent  of  pitch.  The  press  was 
run  faster,  not  only  to  increase  the  pressure,  but  also  to  give  the  hard 
pitch  less  time  to  set  m  the  machine.  At  the  same  tmie  the  speed 
of  the  disintegrator  was  reduced  in  order  not  to  pulverize  the  coal 
so  completely.  The  briquets  were  pitchy,  and,  owdng  to  the  excess 
of  water  from  condensation,  many  cracked  when  the  pressure  was 
relieved.  Another  ton  of  coal  ^^-ith  8  per  cent  of  pitch  A  was  used, 
but  found  to  contain  too  much  binder;  still  another  ton  was  made 
into  briquets  with  6  per  cent  of  pitch.  Tlie  latter  briquets  were  com- 
pact, but  did  not  contain  enough  binder.  Seven  per  cent  of  pitch  A 
gave  a  better  result  than  either  6  or  8  per  cent. 

Another  run  of  this  coal  was  made  with  3  per  cent  of  rosin  and  2  per 
cent. of  pitch  A.  The  briquets  were  clean  and  sharp,  but  were  some- 
what brittle  and  had  a  tendency  to  break  into  large  fragments.  They 
were,  however,  physically  better  than  those  with  6  or  8  per  cent  of 
pitch  alone.  In  burning,  they  held  together  well  but  smoked  more 
than  those  with  pitch  alone.  No  odor  of  rosin  was  given  off,  how- 
ever.    Tlie  same  mixture  was  tested  on  the  American  machine,  which 
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.  gave  clean,  polished  briquets.     They  were  stronger  than  those  made 

~!on  the  EngUsh  machine,  indicatmg  that  rosin  works  to  better  advan- 

'  tage  in  the  smaller  and  more  rounded  briquets.     With  pitch  alone, 

^however,  and  Arkansas  No.  4  coal,  a  stronger  briquet  was  made  on 

the  EngUsh  machine  than  on  the  American.     Tlie  weight  of  the  bri- 

quels  made  with  the  rosin  averaged  6.87  pounds  each. 

One  ton  of  this  coal  was  briquetted  with.  3  per  cent  of  rosin  and 
3  per  cent  of  pitch  A.  The  mixture  made  excellent  briquets,  which 
were  unusually  clean  and  had  sharp  edges.  They  weighed  6.87 
pounds  each.  Tliis  mixture  was  also  tried  on  the  American  machme 
and  gave  exceedmgly  smooth  and  lustrous  eggettes,  which  were 
stronger  than  the  large  briquets  made  on  the  EngHsh  macliine. 
Although  no  boiler  test  was  made  of  the  eggettes,  some  of  them  were 
thrown  under  the  boiler,  where  they  burned  very  readily  without 
disintegration.  They  were  tested  in  a  cook  stove,  where  they  burned 
satisfactorily  -^dthout  any  odor,  but  gave  off  considerably  more  smoke 
than  either  coal  or  briquets  made  from  pitch  alone  as  a  binder.  The 
specific  gravity  of  these  briquets  was  1.13,  whereas  the  specific  grav- 
ity of  the  coal  was  1.35.  Their  compression  or  crushing  strength  was 
8,780  pounds,  or  306  pounds  per  square  inch. 

The  Arkansas  No.  4  coal  was  further  tested  with  the  softer  pitch 
B,  which  was  one  of  the  better  pitches  for  briquetting.  One  ton  was 
briquetted  with  6  per  cent  of  pitch.  The  briquets  were  clean  and 
seemingly  considerably  stronger  than  the  origmal  lump  coal  and  were 
capable  of  standing  rough  handling.  Tliey  averaged  7  pounds  each, 
and  their  specific  gravity  was  1.17.  On  the  American  macliine  the 
mixture  gave  polished  eggettes,  but  these  were  not  so  strong  as  those 
made  on  the  English  machine. 

Pitch  B  was  then  tried  with  rosin,  the  proportions  bemg  95  per 
cent  coal,  3  per  cent  rosin,  and  2  per  cent  pitch.  On  account  of  the 
condensation  of  steam  in  the  pug  mill,  there  was  considerable  excess 
of  water  in  the  briquets,  which,  however,  were  smooth  and  sharp. 
Tlie  excess  of  moisture  caused  them  to  crack  badly  and  they  were 
difficult  to  handle  while  fresh.  After  cooling,  they  were  still  soft, 
and  they  were  noticeably  inferior  to  the  briquets  made  with  3  per 
cent  of  rosin  and  2  per  cent  of  pitch  A.  They  weighed  7.2  pounds 
each.  The  mixture  was  tested  also  on  the  ^\jnerican  machine,  which 
made  harder  eggettes  than  the  corresponding  briquets  of  the  Enghsh 
machine.  The  smaller  and  rounder  form  is  better  adapted  for  the 
rosin  binder  and  will  result  m  a  harder  and  tougher  briquet. 

Six  tons  of  this  coal  was  briquetted  with  6  per  cent  of  pitch  B, 
in  order  to  make  a  steaming  test.  Some  of  the  briquets  were 
made  by  running  one  side  of  the  tlisintegrator  of  the  English  machine, 
and  as  they  were  received  from  the  machine  they  were  smooth  and 
uniform,  but  soft.     On  cooling,  the  briquets  became  hard  and  tough. 
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Another  ton  was  briquet  ted  with  both  sides  of  the  disintegrator  run- 
ning, which  made  smooth,  uniform  briquets,  but  it  was  almost  impos-* 
sible  to  handle  them  as  they  came  from  the  machme.  Tlierefore,  onlj 
one  side  of  the  dismtegrator  was  used,  but  the  materials  were  rur 
through  the  pug  mill  more  rapidly  and  better  results  were  obtained 
All  of  these  briquets  were  excellent  in  every  respect.  Wlien  thes^ 
mixtures  were  tried  on  the  American  machine,  the  fine  material  made 
better  eggettes  than  the  corresponding  briquets  of  the  English  ma- 
chine, whereas  the  coarser  material  did  not  make  as  good  eggettes  a? 
briquets.  Tlie  weight  of  the  briquets  obtained  with  both  sides  oi 
the  disintegrator  running  was  6.92  pounds  each;  the  coarser  briquets 
weighed  6.56  pounds  each.  The  specific  gravity  of  the  briquets  was 
1.17  and  their  crushing  strength  was  17,500  pounds,  or  610  pounds 
per  square  inch. 

Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 


English 
briquets. 


American 
briquets. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. 

Moisture do . . . 

Volatile  matter do. . . 

FLxed  carbon do. . . 

Ash do... 

Sulphur do. . . 

Ultimate: 

Hydrogen do . . . 

Carbon do... 

Nitrogen do . . . 

Oxygen do. . . 

Heat  value B.  t.  u. 


1.28 
12.82 
73.  69 
12.21 


1320 

2.10 
3.85 
14.06 
71.98 
10.11 
1.65 

3.50 

80.89 

1.42 

1.96 

13, 414 


1335 

0.10 
3.18 
18.60 
66.03 
12.19 
1.70 

3.93 

78.31 

1.32 

2.10 

13,464 


ARKANSAS  NO.  5. 

A  sample  of  semibituminous  coal  (half  lump  and  half  slack)  from 
west  of  Coal  Hill,  Franklin  County,  on  the  Missouri  Pacific  Railroad, 
was  designated  Arkansas  No.  5.  A  part  of  the  sample  was  subjected 
to  briquetting  tests. 

On  account  of  the  success  obtained  with  the  other  Arkansas  coals 
and  the  softer  pitches,  it  was  decided  to  make  a  sufficient  quantity 
of  briquets  for  a  locomotive  test  on  the  Missouri  Pacific  Railway. 
For  this  purpose  17  tons  of  Arkansas  No.  5  coal  was  briquetted  with 
6  per  cent  of  pitch  C.  Excellent  briquets  were  obtamed,  which  were 
readily  handled  while  warm,  and  on  cooling  stood  a  good  deal  of 
rough  handling.  They  did  not  break  so  readily  as  the  original  lumps 
of  coal.  The  briquets  were  tested  on  a  locomotive  of  the  Missouri 
Pacific  Railway  Co.,  and  for  comparison  similar  runs  were  made  of  an 
IlluioLs  run-of-mine  coal  such  as  is  commonly  used  on  these  loco- 
motives.    Three  trips  were  made  from  St.  Louis  to  Washington,  Mo., 


DETAILS   OF   BKIQUETTING   TESTS. 

and  return,  a  total  run  of  324  miles  for  each  fuel, 
three  runs  are  given  in  the  following  table: 
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Locomotive  tests  of  briquets  of  Arkansas  No.  5  coal. 


Briquets 
consumed. 

Ash  re- 
moved. 

Front  end 
cinders  re- 
moved. 

Total  coal 
consumed. 

Total  ash 
removed. 

Ash. 

Mfles  to 
ton. 

Pounds. 
9,720 
10,049 
9,825 

Pounds. 
1,250 
1.535 
1,226 

Pounds. 
194 

182 

228 

Pounds. 
29, 594 

Poumis. 
4,615 

Per  cent. 
15 

21.89 

Locomotive  tests  of  run-of-mine  Illinois  coal. 

Coal  con- 
sumed. 

Ash  re- 
moved. 

Front  end 
cinders  re- 
moved. 

Total  coal 
consumed. 

Total  ash 
removed. 

Ash. 

Miles  to 
ton. 

Pounds. 
11,265 
11,050 
11,700 

Pounds. 
1,980 
1,558 
1,800 

Pounds. 
1.30 
112 
115 

Pounds. 
[      34,015 

Pounds. 
5,695 

Per  cent. 
16.4 

19. 0.5 

The  Arkansas  briquets  gave  better  results  than  the  Illinois  coal, 
indicatmg  that  by  briquettmg  even  an  mferior  coal  it  is  possible  to 
obtain  a  fuel  that  is  superior  not  only  to  the  original  coal,  but  to  good 
L.  Bartlett,  one  of  the  master  mechanics  of  the  Missouri 


coals. 


Pacific  Railway  Co.,  under  whose  general  direction  these  tests  were 
conducted,  says  that  ''the  briquets  are  too  large  for  locomotive  use. 
They  must  be  thrown  indiscriminately  mto  the  fire  boxes,  and  if  they 
take  position  side  by  side,  the  flame  can  not  reach  them.  If,  on  the 
other  hand,  they  lie  in  irregular  positions,  the  spaces  may  be  too 
large,  resulting  in  a  bad  effect  by  allowing  too  much  cold  air  to  pass. 
In  fact,  the  engine  does  not  steam  well  until  they  are  broken." 

The  briquets  have  always  been  considered  too  large,  and  in 
all  steaming  tests  at  the  testing  plant  they  were  broken  before 
the  furnace  was  fed,  and  tests  were  made  of  the  briquets  to  determme 
the  amount  of  fine  dust  they  made  when  broken. 

Mr.  Bartlett  also  noted  the  amount  of  smoke  given  off  by  this  coal 
and  stated  that  one  advantage  of  the  briquetted  fuel  was  that  it  could 
be  called  a  smokeless  fuel  as  compared  with  the  Illinois  coal.  This 
advantage  would,  of  course,  be  considerable  on  switching  engines 
m  city  freight  yards. 

The  sulphur  content  of  this  coal,  and  consequently  of  the  briquets, 
is  rather  high.  The  sulphur  naturally  attacked  the  grate  bars,  so 
that  the  briquets  had  a  more  injurious  effect  on  the  grate  bars  than 
coals  containing  less  sulphur. 

A  further  test  of  Arkansas  No.  5  coal  was  made  by  mixing  one- 
fourth  of  the  soft  pitch  C  and  tlu-ee-fourths  of  the  hard  pitch  A,  a 
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combination  that  made  a  good  briquet,  but  not  so  good  as  that  made 
with  6  per  cent  of  pitch  C.  With  more  than  three-fourths  of  hard 
pitch,  it  was  necessary  to  use  more  steam  for  heatmg  and  greater 
pressure,  and  the  resultant  briquets  were  considerably  inferior  and 
more  crumbly. 

Che  m  tea  I  una  lysis . 


Laboratory  No 

Proximate: 

Aix-drying  loss per  cent . 

Moisture do. . . 

Volatile  matter do. . . 

Fixed  carbon do. . . 

Ash do... 

Sulphur do. . . 


Car      i; 
sample,    i 


1331 

1.10 
2.36 
12.68 

72. 88 

12.08 

1.99 


Ultimate: 

Hydrogen per  cent 

Carbon do. . 

Nitrogen do. . 

Oxygen do. . 

Heat  value B.  t.  u 


Car 
sample. 


3.65 

78.29 

1.40 

2.25 

13,259 


ARKANSAS  NO.  6. 

A  sample  of  bituminous  slack  coal  from  Jenny  Lind,  Sebastian 
County,  on  the  Missouri  Pacific  Railroad,  was  designated  Arkansas 
No.  6.  This  coal  was  briquetted  with  8  per  cent  of  pitch  A  and 
made  a  briquet  of  fair  quality.  The  briquets  were  made  in  order 
to  test  the  coking  value  of  the  mixture,  and  the  results  are  described 
under  "Coking  of  Briquet  Mixtures." 

Proximate  analysis. 


Laboratory  No. 

Proximate: 

Air-drying  loss per  cent 

Moisture do. . 

Volatile  matter do. . 


Car 
sample. 


1542 

3.00 
3.80 
13.89 


Proximate— Continued. 

Fixed  carbon per  cent . 

Ash do... 

Sulphur do. . . 


Car 

sample. 


68.50 

13.81 

1.26 


ARKANSAS  NO.  7B. 


Semibituminous  slack  coal  from  a  mine  4  miles  southwest  of  Mid- 
land, Sebastian  Count}^,  on  the  Midland  Valley  Railroad,  was  desig- 
nated Arkansas  No.  7B.  Briquets  were  made  of  4,000  pounds  of  this 
washed  slack  coal. 

English  briquets  made  with  4,  5,  and  6  per  cent  of  binder  were 
equally  satisfactory,  with  hard,  fine  structure,  glossy  fracture,  and 
well-molded,  sharp  edges. 


DETAILS   OF   BEIQUETTING   TESTS. 
Briquetting  tests. 
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Test  106.1. 


Test  106.2. 


Test  106.3. 


■  Details  in  manufacture: 

Machine  used 

Briquetting  temperature °F. 

Binder- 
Kind  

Laboratory  No 

Amount per  cent. 

I  Drop  test  (1-inch  screen): 

Held do... 

Passed do . . . 

Weather  test: 

Time  exposed days. 

Condition 


English. 
179.6 

C.  T.  P. 

2735 

4 

31.4 
68.6 

80 
C 


English. 
179.6 

C.  T.  P. 

2735 

5 


English. 
179.6 


C.  T.  P. 
2735 


Chemical  analysis. 


Laboratory  No 

Proximate: 

Moisture per  cent 

Volatile  matter do. . 

Fixed  carbon do  - . 

Ash do.. 

Sulphur do . . 


Car  sam- 
ple. 


2722 

6.  89 
15.23 
62.88 
15. 00 

2.24 


Ultimate: 

Hydrogen per  cent . 

Carbon do . . . 

Nitrogen do . . . 

O.xygen do.. . 


Car  sam- 
ple. 


3.94 

73.33 

1.35 

2.86 


E.vtraction  analyses. 

Pitch. 

Fuel. 

Ark.  No.  7B. 

2722 

. .  .per  cent. . 

5.90 

Extracted  by  CS2  (as  received) 

do 

B.  t.  u.. 

58.56 

12,060 

ARKANSAS  NO.  13. 

Bituminous  slack  from  the  mines  at  Denning  on  the  St.  Louis,  Iron 
Mountain  &  Southern  Railway  was  designated  Arkansas  No.  13. 
No  steaming  tests  were  made  of  this  fuel  either  in  the  natural  or 
briquetted  form. 

There  was  no  noticeable  difference  m  appearance  between  briquets 
made  with  7  and  8  per  cent  of  binder.  Both  were  excellent,  with  hard, 
smooth  surface  and  clean  fracture,  and  were  easily  handled  and  piled 
while  warm.  Less  binder  could  be  used  with  increased  pressure. 
The  briquets  with  8  per  cent  of  binder  made  less  slack  in  handling  when 
cold.  Those  with  9  per  cent  were  not  satisfactory,  as  the  pitch  used 
had  a  much  higher  melting  point  and  could  not  be  successfully 
worked  with  the  pressure  available.  Briquets  from  test  164  were 
used  in  the  test  of  briquets  in  a  water-gas  machine.  (See  "^liscella- 
neous  Tests  of  Briquets. ") 
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Briquetting  tests. 


Test  164. 


Test  221. 


Size  as  shipped ;  •  - 

Size  as  used: 

Over  i  inch per  cent 

tV  inch  to  i  inch do.. 

,"5  inch  toi^ijinch do.. 

A  inch  to  jV  inch do. . 

Through  A  inch do. . 

Details  of  maiuifacture: 

Machine  used • 

IJriquett ing  temperature °F 

Binder- 
Kind  

Laboratory  N"o 

Amount per  cent 

Weight  of— 

Fuel  briquetted pounds 

Briquet,  average do. . 

Drop  test  (1-inch  screen): 

Held per  cent 

Passed do. . 

Tumbler  test  (1-inch  screen): 

Held do. . 

Passed do. . 

Fines  through  10-mesh  sieve do. . 

Weather  test: 

Time  exposed days 

Condition 

Absorption  test: 

Time  immersed days 

Water  absorbed per  cent 

Average  for  first  4  days do. . 

Specific  gravity  (apparent) 


Slack. 

1.4 

0.2 
10.6 
15.8 
66.0 

Renfrew  No.  1. 
185 

W.  G.  P. 

3885 


140,000 
0.451 

54.5 
45.5 

79.0 
21.0 

87.7 

lOCi 
B 

19 

17.2 

2.50 

1.130 


Slack. 

1.4 
6.2 
10.6 
15.8 
06.0 

RenfrowNo.  1. 
185 

W.  G.  P. 

(  3885 

t  4683 

8 

40,000 
0.404 

49.5 
50.5 

81.5 
18.5 

87.3 


SlackJ 

1 
6.SI 
10, 
15.  £ 
66.  £ 

Renfrow  No.  1. 
185 

W.  G.  P. 

4625 

« 

5,000 
0.489 

51.0 
49.0 

86.0 
14.0 
88.9 


13 

13.6 

2.36 

1.101 


13 

10.2 
1.72 
1.247 


Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 


Test  104.    Test  214 


Test  221. 


Laboratory  No 

Pro.ximate: 

Moisture per  cent . . 

Volatile  matter do — 

Fixed  carbon do 

Ash do 

Sulphur do  — 

Ultimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do 


3798 

2.91 
12.65 
66.93 
17.51 

3.12 

3. 38 

73.01 

1.21 

1.15 


4892 

1.49 
15.11 
68.30 
15.10 

2.58 

3.S4 

75,  03 

l.:35 

i.s;3 


1,05 
16,50 
08.  84 
13.01 

2.48 

3.. 85 

75,  03 

1,24 

1,70 


4626 

1.76 
15. 98 
67. 30 
14.96 

2.29 

3.84 

75.65 

1.24 

1.71 


Extraction  analyses. 


Fuel. 

Briquets. 

Pitches. 

Ark.  No. 
13. 

Test  104. 

Test  214. 

Test  221. 

Laboratorv  No 

3885 

4625 

4683 

3798 
1.70 

.09 

4,S92 
0.70 

5.70 

5.97 
12,917 

4626 

Air-drving  loss per  cent . . 

0.80 

Extracted  by  Cfcj  (as  re- 
ceived)  per  cent.. 

Pitch  in  briquet  by  analy- 
sis  per  cent . . 

95.20 

90. 56 

S9.31 

0.29 

6.63 
12,926 

6.29 
6.63 

Heat  value B.  t.  u. . . 

10,870 

10,570 

16,637 

12,312 

12,926 

DETAILS   OF   BEIQUETTING   TESTS.  135 

CALIFORNIA   COAL— PITTSBURGH  NO.   14. 

A  3-car  sample  lot  of  run-of-mine  lignite  from  the  lone  mine,  at 
ilone,  Amador  County,  Cal.,  was  designated  Pittsburgh  No.  14. 

Briquetting  tests  308,  309,  310,  311,  313,  314,  315,  and  329  were 
made  on  it  with  the  German  lignite  press.  Gas-producer  test  185 
and  house  heating  boUer  test  H90  were  made  on  the  raw  lignite,  and 
gas-producer  test  188  and  house-heating  boiler  tests  H88  and  H89 
were  made  on  the  briquets. 

The  color  of  this  lignite  was  light  brown.  It  had  a  peculiar  waxy 
feeling,  like  that  of  soapstone,  and  could  be  easUy  polished.  A  casual 
inspection  showed  that  the  lignite  was  rich  in  binding  material.  The 
results  of  subsequent  tests  and  analyses  confii-med  this  fact. 

In  the  first  test  (308)  of  this  lignite,  the  press  operated  much  more 
easily  than  in  the  tests  of  Texas  and  North  Dakota  lignites.  The 
dried  material  contained  about  9.75  per  cent  moisture  and  the  dies 
were  set  to  give  a  high  pressure.  The  briquets  had  rough  surfaces, 
especially  at  the  edges,  but  were  of  good  shape.  The  cohesion  test 
showed  them  to  be  stronger  than  the  briquets  made  from  any  other 
lignite;  in  fact,  they  were  surpassed  in  strength  only  by  those  made 
from  the  same  lignite  in  test  329. 

In  test  309  the  briquets  were  of  excellent  shape  as  they  left  the 
press,  but  on  slight  handling  most  of  them  broke  in  two  along  a 
shearing  plane  that  extended  diagonally  from  one  long  edge  to 
another.  Investigation  indicated  that  this  weakness  resulted  from 
the  material  being  too  dry  to  flow  perfectly  in  the  mold.  In  the  next 
test  (310)  the  moisture  content  of  the  briquet  mixture  was  1  per  cent 
higher  (8^  per  cent)  and  the  shearing  was  practically  eliminated, 
although  there  were  some  signs  of  it.  On  account  of  this  defect  none 
i  of  the  briquets  from  tests  309  and  310  was  saved. 

Test  311  was  made  to  see  whether  weathering  injured  the  briquet- 
ting  quaUties  of  this  lignite.  The  material  used  had  been  spread  on  the 
ground  for  22  days  and  had  become  fine  slack.  In  comparison  with 
the  car  sample  the  only  change  shown  by  proximate  analysis  was  a 
smaller  percentage  of  moisture.  Seemingly  the  weathering  did  not 
affect  the  briquetting  qualities  at  all,  for  the  test  produced  briquets 
having  satisfactory  shape,  surface,  and  strength. 

In  test  313  the  moisture  in  the  briquet  material  was  a  little  over 

9  per  cent,  and  a  set  of  dies,  ground  to  give  a  very  heavy  pressure, 

»was  used.     The  briquets  were  the  weakest  of  any  made  from  this 

I  lignite.     Their  lack  of  strength  may  have  residted  in  part  from  the 

dies  being  new,  as  dies  work  better  after  being  polished  by  use. 

Tests  314  and  315  were  made  to  determme  whether  better  briquets 
could  be  obtained  by  passing  the  undried  material  through  a  screen 
j  having  ^e-inch  openings.  The  undried  material  for  test  314  was  not 
92012°— Bull.  58—13 10 
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screened,  but  that  for  test  3 15  was  screened.  With  the  same  steam  pres 
sure  in  the  (hier,  the  dried  material  contained  14.6  per  cent  moisture  in! 
test  314  and  only  10.13  per  cent  in  test  315.  The  two  ]ots  of  briquets 
had  satisfactory  strength,  but  both  the  drop  and  the  tumbler  tests 
showed  that  the  screened  material  made  the  stronger  briquets,  the 
gam  in  strength  bemg  12  per  cent  by  the  drop  test  and  26  per  cent  by 
the  tumbler  test.  The  two  lots,  however,  did  not  differ  much  in 
general  appearance,  both  being  well  formed  and  smooth. 

Test  329  furnished  the  best  lot  of  briquets  made  from  this  lignite.' 
There  was  10  per  cent  moisture  in  the  briquet  material;  the  pressure 
used  was  high,  but  lower  than  in  tests  313,  314,  and  315.  The 
briquets  had  weD-polished  surfaces,  and  were  the  strongest  made 
from  any  of  the  lignites  named  in  this  report.  A  "cohesive  strength " 
of  71  per  cent  was  shown  by  the  droj)  test  and  68  per  cent  by  the 
tumbler  test. 

This  lignite  briquets  very  easily,  as  it  contains  more  than  enough 
natural  bmder.  Excellent  briquets  were  made  with  the  German 
press  by  drymg  the  ground  lignite  till  it  contamed  from  8h  to  15  per 
cent  moisture.  The  best  briquets  will  be  obtained  when  the  material 
is  ground  so  that  all  of  it  passes  a  j-incli  screen  and  40  ])er  cent  passes 
a  -^-inch  screen,  the  briquets  being  subjected  to  a  moderately  high 
pressure.  An  extremely  high  pressure  does  not  give  the  best  results 
and  increases  the  cost.  The  right  pressure  can  be  had  by  using  a  set 
of  dies  so  ground  that  the  tangent  of  the  die  angle  is  6/89. 

Summary  of  tests. 


Test  Xo. 

Moisture 

in 
briquet 
material. 

Pressure  in  mold. 

Character  of  briquets. 

Remarks. 

Form. 

Strength. 

308 

Per  cent. 
9.74 
7.78 
8.51 
7.f)8 
9.14 
14.61 
10.13 
10.00 

High 

Good 

Very  good 

Weak 

Good 

Sides  slightly  cracked. 
Sheared  diagonally. 
No  shearing  evident. 
Material  too  dry. 
Do. 

309 

do 

Excellent 

Good 

310 

do 

311 

do 

do. 

.  do 

313 

Very  high 

do 

Fair.    . . 

314 

do 

Very  good 

do 

Very  good 

do 

315 

do 

329 

High 

Excellent 

Excellent 

Mixtures  of  this  lignite  with  25  and  u4th  50  per  cent  of  a  Pitts- 
burgh coal  made  excellent  briquets.  Patents  have  been  granted  for 
utilizing  the  natural  binder  of  certam  Hgnites  to  briquet  mixtures 
of  tliese  lignites  %vith  bituminous-coal  slack.  Anthracite  screenings 
can  be  used  in  place  of  the  bituminous  slack,  and  the  substitution  of 
such  screenings  would  lessen  the  production  of  smoke. 

Prelimmary  results  from  gas-producer  tests  of  raw  and  briquetted 
samples  of  this  lignite  showed  that  the  consumption  of  fuel,  as  fired 
per  hour  per  brake  horsepower  developed,  was  4.06  pounds  for  the 
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raw  lignite  and  only  2.84  pounds  for  the  briquets.  The  relative 
efficiency  of  the  raw  and  the  briquetted  lignite  as  boiler  fuel  was 
roughly  shown  by  house  heating  boiler  tests  H88,  H89,  and  H90. 
Each  pound  of  raw  lignite  evaporated  2.82  pounds  of  water  at  212°  F., 
and  each  pound  of  briquets  evaporated  3.23  pounds. 

The  briquets  resisted  weathering  well.  Weathering  does  not  en- 
tirely destroy  the  briquetting  qualities  of  this  lignite,  as  shown  by  the 
results  of  a  test  made  on  a  sample  that  had  been  exposed  to  the 
weather  for  two  years.  It  briquetted  well,  without  addition  of 
binder,*under  a  pressure  of  only  6,000  pounds  per  square  inch,  after 
the  sample  had  been  dried  and  then  heated  by  a  steam  jet  for  one 

minute. 

Briquetting  tests. 


Test  No. 


309. 


310. 


3n. 

313. 

314. 

315. 

r.  0.  m. 

r.  0.  m. 

r.  0.  m. 

r.  0.  m. 

2.0 

6.5 

10.0 

5.0 

18.5 

29.0 

;33.0 

29.0 

32.5 

23.0 

21.5 

23.5 

22.5 

17.5 

14.5 

18.5 

24.5 

24.0 

21.0 

24.0 

German. 

German. 

German. 

German. 

91 
None. 

92 
None. 

104 
None. 

95 
None. 

6/89 

7/89 

7/89 

7/89 

10 

10 

5 

5 

3.407 

2,915 

13.937 

8,304 

0.86 

1.05 
14.61 

1.02 
10.13 

7.68 

9.14 

52 

28.00 
72.00 

50 
50 

•    62 
88 

48 

38 
62 

40 

66 
-V 

64 
36 

45.5 

66 
A 

52 

65.5 

66 
A 

66 
B 

Size  as  shipped 

Size  as  used: 

Over  i  inch,  per 

cent 

^  to  i  inch,  per 

cent 

^  to  ^  inch,  per 

cent 

A  to  i'b  inch,  per 

cent 

Through  ^  inch, 

per  cent 

Details  of  manufac- 
ture: 

Machine  used 

Briquetting  tem- 
perature," F 

Binder  used 

Tangent  of  die, 

angle 

Steam     pressure 
on  drier,  pounds 
Weight  of— 

Fuel  briquet- 
ted. pounds 
Briquets, 
a  ver  ag  e . 

pounds 

Moisture  m  briquet 

mixture,  percent.. . 

Drop     test,     1-inch 

screen: 

Held... per  cent. . 

Passed do 

Tumbler  test,  1-inch 
screen: 
Held...  per  cent.. 

Passed do 

Fines  through  10- 
mesh  sieve,  per 

cent 

Weather  test: 

Time     exposed, 

days 

Condition 


2.0 
18.5 
31.0 
23.5 
25.0 

German. 

102 
None. 

6/89 

10 

6,875 

0.88 
9.74 

68 
32 


63.5 


3.5 
21.0 
33.0 
24.0 
18.5 

German. 

95 
None. 

6/89 

15 

a  1,790 

0.85 

7.78 


(a) 


(a) 


(a) 


2.0 
18.5 
29.0 
24.5 
26.0 

German. 

86 
None. 

6/89 

13 

2.457 

0.90 
S.51 


3.0 
29.0 
26.0 
18.0 
24.0 

German. 

107 
None. 

6/89 

7 


0.92 
10 


58.5 


"  Briquets  scrapped  on  account  of  diagonal  cracks  in  them. 

The  tables  following  show  the  changes  in  composition  of  this  fuel 
during  storage  at  the  plant  for  68  days,  until  used  for  the  last  briquet- 
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ting  test.     The  average  of  proximate  analyses  of  8  samples  used  foi' 


tests  on  different  dates  is  also  given.     No 

Chemical  analyses. 

mine  sample 

.....  J 

Car 
sample. 

Sample  as 
used  on 
last  test. 

Average 

of  8 
samples. 

Date  taken     »'. 

Apr.  22 
7621 

32.30 
39.46 
29.50 
17.55 
13.49 
.97 

5.42 

53.37 

.61 

16.72 

6.080 

June  29 
8019 

22.7, 
27.97 
34.54 
22.66 
14.83 
1.58 

j 

Proximate: 

Air-drying  loss per  cent. . 



26.09 
34.  52 
33.84 
18.61 
13.02 
1.08 

Volatile  matter.... do 

Fixed  carbon do — 

Ash                                   do 

Sulphm'          do 

Ultimate: 

Hydrogen do — 

1 

1 

...:..:;::          1 

Heat  value B.  t.  u. . 

7,546 

6,764  1 

Proximate  analyses  of  briquets. 

Test  308. 

Test  309. 

Test  310. 

Test  311. 

Test  313. 

Test  314. 

Test  315. 

Test  329. 

Laboratory  No 

Proximate: 

Moisture,  percent 
Volatile   matter, 

per  cent 

Fixed  carbon, per 

cent 

Ash per  cent. . 

Sulphur,  p.  cent. - 

7774 

9.07 

46.53 

25.01 
19.39 
1.83 

7757 

6.66 

43.99 

32.80 
16.55 
1.70 

7773 

7.85 

47.53 

27.01 
17.61 
1.56 

7775 

7.34 

49.04 

25.97 

17.65 

1.51 

7846 

9.17 

46.28 

26.75 
17.80 
1.48 

7861 

12.66 

44.95 

24.59 
17.80 
1.24 

7864 

10.40 

46.60 

25.31 

17.69 

1.47 

8018 

9.S2 

46.48 

24.54 
19.16 
1.77 

Extraction  analyses. 

Briquets. 

Test  308. 

Test  309. 

Test  310. 

Test  311. 

Test  313. 

Test  314. 

Test  315. 

Test  329. 

Laboratorv  No 

Extracted     by     CSj 
(moisture  free),  per 

7774            77.57 
7  no               7  01 

7773 

7.60 
9,704 

7775 

7.76 
9.734 

7846 

7.98 
9.360 

7861 
8.35 

7864 

7  97 

8018 

Heat  value.. B.  t.  u..         9,227        10.138 

8.942          9.131 

9.187 

Briquetting 
n^u: — 

TI 

tests  C 

CSTS    O? 

)f  this 

i    THE 

lignite 

LADLED 

were  ( 

'    PRESf 

;ondiic 

ted  wit 

h  the 

Ladley 

press. 

The  lignite  was  dried  in  the  Schulz  drier  at  the  Pittsburgh  plant  until 

it  contained  6.79  per  cent  moisture  and  then  shipped  to  Indianapolis. 


METHOD    OF    HEATING    LIGNITE. 


In  tests  1,  4,  5,  6,  7,  8,  and  9  each  pailful  of  the  material  was  heated 
by  dry  steam  from  the  nozzle  of  a  hose,  the  steam  being  taken  from 
the  dome  of  the  boiler.  The  steam  escaping  from  the  nozzle  was 
slightly  superheated,  and  although  the  loss  of  heat  from  radiation 
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was  relatively  large  the  lignite  could  be  heated  to  a  temperature  of 
208°  F.  The  length  of  the  heating  was  from  one  to  two  and  a  half 
minutes;  the  temperatures  obtained  w^ere  from  194°  to  208°  F.  In 
tests  2,  3,  and  10  the  material  was  heated  over  a  forge  fire  before 
pressing. 

The  molds  for  these  tests  were  heated  by  placing  a  red-hot  iron  in 
a  mold  for  some  time.  In  some  of  the  tests  a  gasoline  torch,  which 
gave  a  more  even  heat,  was  used.  The  dried  and  heated  material 
was  packed  in  the  mold  with  a  round  bar  and  a  sledge  hammer,  and 
the  mold  was  again  filled  and  tamped.  Then  the  machine  was  started 
and  the  briquet  was  formed  and  ejected. 

The  briquets  were  2^  inches  in  diameter  and  3  inches  long  and 
weighed  10  to  10|^  ounces. 

The  analyses  of  the  briquet  material  before  and  after  drymg  and 
of  the  briquets  made  from  material  heated  by  the  two  methods  de- 
scribed are  given  in  the  following  table : 

Analyses  of  lignite  and  briquets. 


Material. 


Before 
drying. 


After 
drying. 


Briquets. 


Material 
heated  by 
live  steam. 


Material 
heated  by 
forge  fire. 


Moisture per  cent 

Volatile  combustion do. . 

Fixed  carbon do. . 

Ash do.. 

Sulphur do.. 

Heat  value B.  t.  u 


39.46 
29.50 
17.55 
13.49 
.97 
6,080 


6.79 
48.72 
23.49 
21.00 

1.86 
9,126 


13.37 
44.36 
23.48 
18.79 
1.54 
8,662 


4.47 
47.43 
26.23 
21.87 

1.82 
9,538 


The  principal  details  of  the  tests  are  summarized  as  foUows: 
Details  of  tests  1  to  10  on  the  Ladley  press. 


Test 
No. 


I 


Heating  of  material. 


Method  used. 


Steam  jet. 
Forge  fire. 
do 


steam  jet. 

do 

do.... 

do.... 

do.... 

do.... 

Forge  fire. 


Time  of 
heating. 


Tempera- 
ture of  ma- 
terial be- 
fore press- 
ing. 


Minutes. 
(°) 
C) 
C) 


(") 

(a) 


(«) 


'F. 

C) 

(6) 
199 

199 
C) 
208 
205 
194 
176 
212-230 


Quality    of    briquets 
obtained. 


Poor;  too  soft  and  dusty. 

Poor;  too  dry 

Fair 


Good 

Fair 

Good 

E.xeellent. 

....do 

Good 

E.xceUent . 


Remarks. 


Mold  too  cold. 

Water  added  before  heating,  to 

replace  evaporation. 
Improvement  made. 
Mold  too  cold. 
Satisfactorv  briquet. 

Do. 

Do. 

Do. 

Do. 


oNot  noted.    6Not  taken.    c.\  test,  7.\,  was  made  under  same  conditions  as  test  Ton  the  following  day. 

The  briquets  made  hi  tests  7  and  10  were  smooth  and  hard  and 
their  edges  sharp  and  firm.     The  l)riquets  from  test  7  had  fewer  sur- 
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face  cracks  than  those  from  test  10,  aUhough  both  lots  were  smooth 
enough.  With  steam  hi  the  steam  jackets  the  molds  would  be  hotter 
and  the  results  might  be  even  better. 

The  condensation  of  the  steam  used  for  heating  the  material  in 
test  7  mcreased  the  moisture  content  of  the  material  and  of  the 
resultmg  briquets.  For  this  reason  the  briquets  from  that  test  had  a 
lower  heating  value  than  those  from  test  10,  in  which  the  material  was 
heated  over  a  forge  fire.  j 

The  tests  demonstrated  that  without  added  bindhig  material  at 
least  one  American  lignite  could  be  made  into  good  briquets  by  an 
American  press. 

STOVE    AND    GRATE    COMBUSTION    TESTS    OF   BRIQUETS. 

Combustion  tests  of  briquets  of  this  California  lignite  were  made 
at  Pittsburgh,  Pa.,  in  a  range  and  in  an  open  heating  grate  to  deter- 
mme  whether  they  fell  to  pieces  while  burning,  the  length  of  flame, 
and  the  quantity  of  smoke;  also  to  determine  the  completeness  of 
combustion  as  shown  by  the  percentage  of  combustible  matter  in  the 
refuse. 

TESTS    IN    A    KITCHEN    RANGE. 

The  kitchen  range  had  Dockash  grates  with  openmgs  on/?-half  mch 
wide  and  could  burn  hard  or  soft  coal.  In  the  first  trial  the  attempt 
was  made  to  burn  the  briquets  under  the  conditions  present  with  the 
Pittsburgh  coal  regularly  used.  Some  of  the  coal  was  mixed  wath 
the  briquets,  however,  and  the  fire  box  was  filled  so  high  that  proper 
combustion  was  impossible.  For  the  next  trial  most  of  the  coal  was 
raked  from  the  fire  box  and  a  fire  gradually  built  with  briquets  alone. 
The  results  were  excellent. 

Briquets  were  added  at  half-hour  intervals.  The  fire  did  not 
require  much  stirring,  but  it  was  raised  slightly  with  a  slice  bar 
when  it  packed  too  much  at  the  bottom.  This  did  not  cause  exces- 
sive loss  of  unburned  material  through  the  grate,  as  was  shown  by 
the  results  of  the  test. 

In  iive  hours  32  briquets,  or  32  pounds  of  fuel,  was  burned.  The 
refuse  weighed  8  pounds  and  was  therefore  25  per  cent  of  the  fuel  as 
fired.  An  analysis  of  the  briquets  showed  the  ash  content  to  be 
19.16  per  cent. 

Analysis  of  the  refuse  or  '-'ashes"  gave  the  following  losults: 

Per  cent. 

Moisture 2.  52 

Combustible  matter 33.  05 

Ash  (actual) 64.  43 

Only  one-third  of  the  refuse  was  combustible  matter,  and,  as  the 
refuse  was  25  per  cent  of  the  fuel  fired,  the  loss  of  combustible  through 
the  gi-ates  was  33.05x25  =  8.3  per  cent  of  the  coal,  or  11.5  per  cent 
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of  the  combustible  fired.  The  loss  of  8.3  per  cent  is  low  for  a  kitchen 
stove,  which  at  best  does  not  burn  fuel  with  high  efhciency,  and 
compares  favorably  with  the  percentage  of  loss  for  good  bitummous 
coal  burned  in  such  a  stove. 

The  proximate  analyses  of  the  briquets  and  of  the  refuse  from  the 
kitchen-stove  and  the  heating-grate  tests  compare  as  follows: 

Proximate  analyses  of  briquets  and  of  refuse  from  kitchen-stove  and  heating-grate  tests. 


Briquets. 

Refuse  from— 

Material. 

Kitchen- 
stove  test. 

Heating- 
grate  test. 

Moisture 

Volatile  matter 

percent.. 

do 

do... 

do.... 

9.82 
46.48 
24.54 
19.16 

1.77 
9,187 
71.02 

2.52 

0.77 

Fi.xed  carbon 

Ash           

64.43 

72.60 

do.... 

B.t.u.. 

percent.. 

Combustible  matter 

33  0* 

26.63 

TESTS    IN    A    HEATING    GRATE. 


Through  the  courtesy  of  the  quartermaster's  office,  the  author 
obtained  the  use  of  a  heating  grate  m  one  of  the  vacant  buildings  on 
the  arsenal  grounds  at  Pittsburgh,  Pa.,  for  testing  the  combustion  of 
the  briquets  in  a  heating  grate.  The  grate  was  24  inches  wide,  9 
inches  deep  at  the  center,  and  shghtly  less  at  the  sides.  The  grate 
bars  were  of  cast  U'on.  The  bottom  bars  ran  from  the  back  to  the 
front  and  w^ere  spaced  1  inch  apart.  A  fire  was  started  in  the  grate 
with  paper  and  a  little  wood,  upon  which  was  placed  25  pounds  of 
briquets.  A  thermometer  was  hung  on  the  outside  of  the  building 
and  another  on  the  wall  of  the  room  about  4  feet  in  front  and  to  one 
side  of  the  fire  and  about  3  feet  above  the  level  of  the  grate.  The 
temperatures  taken  were  not  expected  to  furnish  data  of  interest. 
The  main  object  of  the  tests  was  to  note  the  combustion  of  the 
briquets  and  whether  the  economic  results  obtamed  were  better 
than  from  tests  under  steam  boilers. 

Observations  on  grate  test. 


Time. 

Temperatm-p. 

Weight 

of  fuel  as 

fired. 

Outside. 

Inside. 

9  30  a  m                                     

"F. 
37 
37 
36 
34 
31 
30 
29 

T. 
51 
55 
67 
o65 
64 
60 
55 

Pounds. 
25 

9. 45  a  m                                            

20 

10. 30  a.  m .                           

20 

35 

1.30p.  m                                                 

0 

4p.m.                    .                              

0 

0 

a  Drop  of  temperature  caused  by  opening  an  outside  door. 
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No  fuel  was  added  to  the  fire  after  12  noon.  At  5  p.  m.,  after 
burning  five  hoiu's  ■without  attention,  the  fire  was  practically  burned 
out.  The  table  shows  that  in  7^  hours  100  pounds  of  briquets  was 
fired,  giving  24  pounds,  or  24  per  cent,  of  refuse.  After  the  briquets 
were  well  ignited  they  burned  freeh''.  They  burned  with  a  bright- 
yellow  flame,  much  cleaner  than  the  smoky  flame  from  some  bitumi- 
nous coals,  and  the  chimney  showed  only  a  slight  yellowish  smoke 
even  directly  after  firing  fresh  fuel.  The  fire  was  un])leasantly  hot 
to  the  face  at  a  distance  of  8  feet.  No  unpleasant  odor  could  be 
detected  in  the  room,  though  the  gases  from  burning  lignite  have  a 
characteristic  odor  and  ii'ritate  the  CN'es  and  nose. 

The  combustible  in  the  refuse  was  only  26.63  per  cent,  and  as 
there  was  24  per  cent  of  refuse,  the  loss  of  fuel  through  the  grate 
bars  was  approximately  6  per  cent  of  the  total  fuel  fired.  This  loss 
is  no  greater  than  from  a  cokmg  coal  burned  under  the  same  con- 
ditions. The  loss  through  the  grate  of  the  kitchen  range  was  approx- 
imately 8  per  cent,  or  2  per  cent  more  than  through  the  fireplace 
grate.  The  latter  had  wider  spaces  between  the  grate  bars,  but  the 
fire  in  it  did  not  need  raking,  whereas  some  raking  of  the  kitchen- 
range  grate  was  necessary. 

The  loss  in  both  gi-ates,  however,  was  less  than  anticipated.  The 
lignite  used  was  noncoking,  and  one  would  naturally  expect  from  it  a 
larger  loss  of  unburned  material  through  the  grate  than  fiom  a 
coking  coal, 

CONCLUSIONS. 

From  the  observed  results  of  these  combustion  tests  the  following 
conclusions  may  be  drawn : 

The  briquets  ignite  readily,  make  a  hot  fire,  and  burn  freely  until 
consumed. 

Little  shaking  or  poking  of  the  fire  is  needed  to  obtain  maximum 
efficiency  from  the  fuel. 

The  loss  of  unburned  fuel  through  the  grates,  6  to  8  per  cent,  is 
not  excessive  and  could  be  reduced  by  using  step  grates  or  grates 
with  narrow  spaces  between  the  bars. 

A  grate  measuring  8  by  24  inches  is  big  enough  for  heating  a  large 
room  with  these  briquets. 

Under  the  test  conditions  little  smoke  was  made;  this  smoke  was 
light  yellow,  and  would  not  be  offensive  in  residential  districts. 

The  briquets  should  prove  a  satisfactory  domestic  fuel,  and,  if  they 
can  be  produced  cheaply  enough,  should  comnete  wdth  other  fuels 
for  steam  production. 


DETAILS    OF    BRIQUETTING    TESTS. 


143 


COLORADO  NO.  1. 

A  sample  of  run-of-mine  subbituminous  coal  from  Lafayette,  Boulder 
County,  on  the  Colorado  &  Southern  Railroad  of  the  Burlington  sys- 
tem, was  designated  Colorado  No.  1,  and  a  part  of  the  sample  was 
subjected  to  briquetting  tests. 

It  was  first  used  undried  with  10  per  cent  of  pitch  D,  As  these 
briquets  were  received  from  the  English  machine  they  were  hard  to 
handle,  especially  when  there  was  an  excess  of  steam.  The  pitch  did 
not  seem  to  adhere  to  the  grains  of  lignite.  On  cooling,  however,  they 
became  hard,  black,  and  lustrous,  but  were  too  brittle.  The  adhesion 
of  the  pitch  to  the  grains  of  lignite  was  not  strong.  The  briquets 
seemed  to  be  too  pitchy,  and  if  the  adhesion  between  the  pitch  and  the 
lignite  were  greater,  8  per  cent  of  pitch  D  would  undoubtedly  be 
sufficient  to  give  the  desired  results.  Although  there  was  no  steam- 
ing test  made  with  the  briquets,  they  were  burned  under  a  boiler,  and 
proved  satisfactory.  They  weighed  5.98  pounds  each.  Some  of  the 
mixture  was  tested  on  the  American  machine,  but  the  eggettes  were 
much  inferior  to  the  briquets. 

Chemical  analysis. 


Laboratory  No 

Proximate : 

Air-drying  loss per  cent . 

Moisture do. . . 

Volatile  matter do. . . 

Fixed  carbon do . . . 

Ash do. .. 

Sulphur do... 


Car 
sample. 


1523 

6.00 

18.68 

34.88 

40.45 

5.99 

.55 


Ultimate: 

Hydrogen. per  cent 

Carbon do.. 

Nitrogen do . . 

Oxygen do . . 

Heat  value B.  t.  u 


Car 
sample. 


4.91 

70.66 

1.41 

14.97 

10, 143 


ILLINOIS  NO.  1. 

A  sample  of  bituminous  coal  (over  1-incli  screen)  from  O'Fallon, 
St.  Clair  County,  on  the  Belt  Terminal  Railroad  of  East  St.  Louis,  was 
designated  Illinois  No.  1,  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  at  the  St.  Louis  plant. 

Briquets  from  this  coal  were  first  made  with  the  hard  pitch  X  as  a 
binder.  One  and  a  quarter  tons  of  this  coal  was  briquetted  on  the 
English  machine  with  16  per  cent  of  pitch  X,  but  on  account  of  the 
softness  and  roughness  of  the  coal  the  briquets  were  brown  and  soft, 
resembling  pressed  damp  loam.     They  were,  however,  compact. 
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Chemical  analysis. 


Car 
sample. 

Car 
sample. 

1261 

3.70 
9.75 
37.48 
39.57 
13.20 
4.10 

Ultimate: 

Hydrogen per  cent. . 

Carbon do 

Nitrogen do 

Oxygen do 

Heat  value B.  t.  u.. 

Proximate: 

Air-drying  loss per  cent . . 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur ■ do 

4.69 

66.17 

1.14 

8.83 

11,025 

ILLINOIS  NO.  4. 

A  sample  of  bituminous  coal  (over  2-inch  screen)  from  about  1 
mile  west  of  Troy,  ^ladison  County,  on  the  St.  Louis,  Troy  &  Eastern 
Railroad,  was  designated  Illinois  No.  4  and  a  part  of  the  sample  was 
subjected  to  briquetting  tests  at  the  St.  Louis  plant. 

Two  tons  of  this  coal  was  briquetted  mth  6  per  cent  of  pitch  D, 
The  coal  was  not  finely  ground,  only  one  side  of  the  disintegrator 
being  used.  There  Avas  a  great  deal  of  water  in  the  steam,  and  the 
briquets  were  full  of  the  usual  perpendicular  cracks.  A  high  pres- 
sure was  used,  and  some  of  the  briquets  were  larger  than  the  normal 
size,  a  result  that  was  due  to  the  compression  of  the  spring  of  the 
machine.  The  average  weight  of  these  briquets  was  6.95  pounds 
The  briquets  varied  considerably  in  texture,  some  being  hard  and 
firm  and  others  crumbly.  They  would  not  stand  much  rough  han- 
dling. Their  specific  gi-avity  was  1.16,  and  their  crushing  strength 
was  only  5,100  pounds,  or  181  pounds  to  the  square  inch.  Some  of 
the  mixture  was  tried  also  on  the  American  machine,  and  the  egg- 
ettes  were  better  than  the  briquets  made  on  the  English  machine. 
They  were  lustrous  and  deep  black. 

One  ton  of  this  coal  was  briquetted  wnth  8  per  cent  of  pitch  D, 
only  one  side  of  the  dismtegrator  and  the  maximum  pressure  being 
used.  Excellent  briquets  were  obtained  with  this  combination,  but 
they  were  gray  in  color.  They  weighed  6.34  pounds  each,  and  had 
a  specific  gravity  of  1.11.  The  specific  gi-avity  of  the  coal  is  1.34. 
The  crushing  strength  of  these  briquets  was  9,327  pounds  or  325 
pounds  per  square  inch,  as  compared  with  181  pounds  to  the  square 
inch  when  6  per  cent  of  pitch  D  was  used  as  a  binder.  The  eggettes 
made  of  this  mixture  on  the  American  machine  were  not  so  strong 
as  the  briquets. 

In  the  next  test  with  Illinois  No.  4  coal,  2  tons  of  the  coal  was 
briquetted  with  8  per  cent  of  pitch  E.  The  average  weight  of  the 
briquets  was  only  6.15  pounds.  Only  one  side  of  the  dlsintegi-ator 
was  used,  and  as  the  coal  was  hard  the  briquets  were  coarse  and 
contamed  many  noticeably  laigc  pieces  of  coal.  The  eggettes  made 
from  this  mixture,  on  the  other  hand,  were  much  better  in  quality 
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and  rather  lustrous,  but  of  a  decidedly  brownish  color.  The  specific 
gravity  of  the  briquets  was  1.13  and  their  crushing  strength  7,265 
pounds,  or  263  pounds  to  the  square  inch.  To  test  the  effect  of  finer 
gi'inding,  another  ton  of  this  coal  was  briquetted  with  8  per  cent  of  pitch 
E,  both  sides  of  the  disintegrator  being  used.  In  these  briquets  there 
were  a  few  grains  of  coal  as  big  as  a  kernel  of  corn;  but  for  the 
most  part  the  material  was  too  fine  for  the  percentage  of  pitch,  and 
the  resultant  briquets  were  crumbly,  their  crushing  strength  being 
only  209  pounds  to  the  square  inch,  although  they  were  well-pressed 
and  lustrous  and  had  a  specific  gravity  of  1.03.  There  was  little 
difference  in  the  properties  of  the  eggettes  and  the  briquets  made 
of  this  mixture.  Another  ton  of  this  coal  briquetted  with  9  per  cent 
of  pitch  E,  both  sides  of  the  disintegrator  and  a  maximum  pressure 
being  used,  gave  briquets  of  much  better  quality  that  would,  how^ever, 
have  been  improved  by  the  addition  of  another  one-half  per  cent  of 
pitch.  These  briquets  weighed  6.43  pounds  each ;  their  specific  gravity 
was  1.08,  and  their  crushing  strength  9,125  pounds,  or  352  pounds  to 
the  square  inch.  The  eggettes  made  from  this  mixture  were  as  good 
as  the  briquets  and  were  more  lustrous. 

Another  test  was  made  with  Illinois  No.  4  coal  and  pitch  H,  which 
is  a  by-product  from  the  manufacture  of  gas  from  heavy  petroleum. 
Although  this  pitch  would  be  rather  soft  to  work  on  the  English 
machine  on  a  hot  day,  it  is  readily  cracked  and  mixed  on  a  cold  day. 
One  ton  of  the  coal  w^as  briquetted  wdth  8  per  cent  of  pitch  II,  and 
the  briquets  were  strong,  clean,  and  satisfactory,  being  much  better 
than  any  of  the  other  briquets  made  wdth  this  coal.  They  were 
readily  handled  when  taken  from  the  machme,  and  when  cold  were 
hard  and  tough  and  capable  of  standing  a  great  deal  of  rough  han- 
dling. Their  average  weight  was  6.81  pounds  each  and  their  specific 
gravity  was  1.11.  Their  crushing  strength  was  12,810  pounds,  or 
446  pounds  to  the  square  mch,  the  briquets  being  hardest  of  aU 
those  made  from  Illinois  coal. 

The  last  test  made  wUh  this  coal  was  with  a  soft  asphalt  received 
from  the  Gulf  Refining  Co.  In  freezing  weather  this  asphalt  became 
hard  enough  to  crack  and  could  then  be  used  on  the  English  machine. 
On  account  of  the  cold  weather  there  was  considerable  water  in  the 
steam,  w^hich  produced  cracks.  Because  of  this  fact  and  the  low 
melting  point  and  thinness  of  the  asphalt  while  hot.  the  briquets 
were  difficult  to  handle  as  they  came  from  the  machine.  They  were, 
however,  weU  pressed  and  on  coohng  became  tough  and  would  stand 
much  handling.  The  weight  of  these  ])iiquets  was  6.77  ])ounfls  each. 
A  better  result  can  probably  be  obtained  by  using  a  small  percentage 
of  rosin  with  the  asphalt. 
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Chemical  analysis. 


Car 
sample. 

Car 
sample. 

1417 

1.70 
12.91 
31.90 
43.55 
11.64 

1.32 

Ultimate: 

Hydrogen per  cent . . 

Carbon do 

Nitrogen do 

Oxygen do 

Heat  value B.  I.  u . . 

Proximate: 

Air-drying  loss per  cent. . 

Moisture do 

Volatile  matter do — 

Fixed  carbon do 

Ash ; do 

Sulphur do 

4.59 

69.74 

1.32 

9.46 

10,804 

ILLINOIS  NO.  7E. 

Screened  nut  coal  from  a  mine  near  CoUinsville  was  designated 
Illinois  No.  7E.  Steaming  test  516  was  made  of  the  unbriciuetted 
fuel,  but  no  steaming  test  was  made  of  the  briquets. 

Renfrow  briquets  made  with  8  per  cent  of  binder  were  satisfactory, 
were  easily  transported  from  the  machine  without  breaking,  and  be- 
came very  hard  when  cold;  their  fractured  surface  was  rough  and 
their  edges  easily  crumbled,  o^v'ing  to  the  excessive  amount  of  clay 
present;  the  outer  surfaces  were  smooth,  with  dull  color. 

Briquetting  test. 


Test  244. 


Size  as  used: 

Over  J  inch 

.per  cent. . 

1.5 

A  inch  toi  inch... 

....do.... 

6.6 

,\  inch  to  i\i  inch . . 

....do.... 

■     14.2 

^\  inch  to  ^'(j  inch . . 

....do.... 

22.0 

Through  ^\  inch... 

....do.... 

55.7 

Details  of  manufacture: 

Machine  used . . 

Briquetting  temperature  °F. . . 

167 

Binder- 

Kind 

W.  G.  P. 

Laboratory  No ^ 

4806 

Amount 

per  cent. . 

8 

Weight  of— 

Fuel  briquetted 

.pounds.. 

12.000 

Briquets,  average ...  do 

0.472 

Drop  test  (1-inch  screen): 

Held per  cent. 

Passed do . . . 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do . . . 

Fines  through  10-mesh  sieve, 

per  cent 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days  .do. . . 
Specific  gravity  (apparent) 


Test  244. 


63.5 
36.5 

87.5 
12. 5 

97.2 

10 

7.4 

1.9 

1.257 


Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Test  244. 

Laboratorv  No 

4760 

14.47 
28.14 
35.16 
22.23 
3.73 

3.84 

56. 08 

.91 

8.82 

4928 

Proximate: 

Moisture 

per  cent 

6  06 

Volat  ile  matter 

do 

30  09 

Fixed  carbon 

do 

40.34 

Ash 

do 

23  51 

Sulphur 

do 

5  09 

ntimate: 

H vdrogen 

do 

3  57 

Carbon 

do 

59  48 

Nitrogen 

do 

83 

Oxvgen 

An 

5.67 

DETAILS   OF   BEIQUETTING   TESTS. 
Extraction  analyses. 
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Pitch. 


Fuel. 


lU. 
No.  7E. 


Briquets. 


Test  244. 


Laboratory  No , 

Air-drying  loss per  cent . . 

Extracted  by  CS2  (as  received) do 

Pitch  in  briquet  by  analysis do 

Heat  value B.  t.  u. 


4S06 


96.90 
'i6,"864' 


4760 

10.60 

.42 


8,797 


4928 
1.70 
8.09 
7.96 
10,021 


ILLINOIS  NO.  9C. 

Bituminous  slack  coal  from  a  mine  near  Staunton  was  designated 
Illinois  No.  9C.  Steaming  tests  492  and  497  were  made  on  this  fuel 
in  the  briquetted  form. 

Briquets  made  on  the  Enghsh  machine  with  6  and  7  per  cent  of 
binder  were  satisfactory,  having  hard  surfaces  but  rough  fracture 
without  crumbling. 

Renfrow  briquets  made  with  8  and  9  per  cent  of  binder  were 
inferior  to  those  made  on  the  Enghsh  machine  with  6  and  7  per  cent 
of  binder  and  were  soft,  although  they  stood  handhng  from  the 
machine;  thek  fractured  surfaces  were  crumbly,  but  the  briquets 
were  tough  in  texture.  This  coal  requires  high  pressure  to  make 
good  briquets. 

From  all  these  tests  the  briquets  when  cold  and  dried  had  excellent 
strength,  as  will  be  seen  by  noticing  the  results  of  the  drop  and  the 
tumbler  tests. 

Briquetting  tests. 


Test  189. 

Test  190. 

Slack. 

Slack. 

0.4 

3.9 

14.4 

25.1 

56.2 

0.4 

3.9 

14.4 

25.1 

56.2 

English. 
167 

English. 
167 

W.G.P. 

4543 
6 

W.G.P. 
4543 

7 

12,000 
3.85 

12,000 
3.73 

62.0 
38.0 

57.0 
43.0 

77.2 
22.8 
80.3 

76.2 
23.8 
81.4 

6 
B 

6 
B 

19 

9.4 

1.67 

1.146 

19 
12.0 
2.03 
1.124 

Test  223. 


Test  234. 


Size  as  shipped 

Size  as  used: 

Over  i  inch per  cent . 

f»  inch  to  }  inch do. . . 

3>;r  Inch  to -Jb  inch do... 

Jj,  Inch  to  ^-^  inch do. . . 

Through  -^  inch do. . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F. 

Binder — 

Kind 

Laboratory  No 

Amount per  cent . 

Weight- 
Fuel  briquetted pounds. 

Briquets,  average do. . . 

Drop  test  (1-inch  screen): 

Held per  cent . 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  10-mesh  sieve do. . . 

Weather  test: 

Tune  exposed days. 

Condition ' 

Absorption  test: 

Tune  immersed days. 

Water  absorbed per  cent . 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


Slack. 

0.4 
3.9 
14.4 
25.1 
56.2 

Renfrow  No.  1 
149 

W.  G.  P. 

4806 
8 

18,000 
0.448 

54.5 
45.5 

87.5 
12.5 
95.5 


13 
10.2 
2.43 
1.098 


Slack. 

0.4 

3.9 

14.4 

25.1 

56.2 

Renfrow  No.  1 
149 

W.G.P. 

4806 
9 

5,000 
0.426 

64.5 
35.5 

88.5 
11.5 
84.6 


13 
9.1 

2.17 
1.128 


148 


FUEL-BKIQUETTING  INVESTIGATIONS. 

Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 


Test 
189. 


Test 
190. 


Test 
234. 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon.. . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


.per  cent 

do.. 

do.. 

do.. 

do.. 


.do., 
.do., 
.do., 
.do.. 


4247. 

15.25 
28.57 
40.83 
15.35 
3.81 

4.17 

63.66 

.97 

8.59 


4406 

14.62 
32.38 
39.13 
13.87 
3.51 

4.33 
65.67 


4473 

17.43 
28.98 
39.99 
13.60 
3.30 

4.31 

66.29 

.99 

7.94 


4874 

5.43 
33.55 
47.63 
13.39 

3.52 

4.44 

68.44 

.94 

8.30 


Extraction  analyses. 


Pitches. 


Fuel. 


111.  No.  9. 


Briquets. 


Test  189.    Test  190.    Test  234. 


Laboratory  No 

Air-drying  loss per  cent. , 

Extracted  by  CSj  (as  received) do 

Pitch  in  briquet  by  analysis do 

Heat  value I '. B.  t.  u.. 


4543 


16,969 


4806 


96.90 
"  16,864 


4247 

13.30 

.63 


9,790 


4406 
12.30 
6.30 
5.75 
10, 276 


4473 
15.10 
6.18 
5.50 
9,943 


4874 
3.10 
9.41 
9.12 
11,713 


ILLINOIS  NO.  12B. 

Bituminous  coal  from  Bush,  Williamson  County,  designated  Illinois 
No.  12B,  was  No.  5  washed,  and  this  sample  was  sliipped  uninspected 
and  used  washed  in  briquetting  tests  166,  177,  and  181. 

Steaming  test  463  was  made  of  briquets  from  this  sample. 

EngHsh  briquets  made  with  6.25  per  cent  of  binder  and  Renfrew 
briquets  made  with  7  per  cent  of  binder  were  of  excellent  quality. 
Briquets  were  easily  handled  when  warm,  although  some  difficulty 
was  experienced  in  piling  Renfrow  briquets,  as  they  stuck  together 
on  account  of  the  low  melting  point  of  the  pitch  used.  The  surfaces  of 
all  briquets  were  hard  and  smooth,  with  rough,  clean  fracture  and 
sharp  edges. 

Eight  per  cent  of  binder  is  more  than  is  necessary  to  make  satis- 
factory briquets  from  this  fuel. 


DETAILS   OF   BEIQUETTING   TESTS. 

Briquetting  tests. 
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Size  as  shipped 

Size  used: 

Over  \  inch per  cent 

fs  inch  to  \  inch do. . 

^»g  inch  to  ^  inch do.. 

■^  inch  to  ^  inch do.. 

Through  ^V  inch do. . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F 

Binder- 
Kind  

Laboratory  No 

Amount per  cent 

Weight- 
Fuel  briquetted pounds 

Briquets,  average do. . 

Drop  test  (1-inch  screen): 

Held per  cent 

J'assed do. . 

Tumbler  test  (1-inch  screen): 

Held do.. 

Passed do . . 

Fines  through  10-mesh  sieve do. . 

Weather  test: 

Time  exposed days 

Condition 

Absorption  test: 

Time  immersed days 

Water  absorbed per  cent 

Average  for  first  4  days do. . 

Specific  gravity  (apparent) 


Test  166. 


No.  5. 

0.2 
3.4 
15.2 
24.4 
56.8 

Renfrov?  No.  1. 
131 

W.  G.  P. 
4120 


100,000 
0.463 

66.5 
33.5 

83.5 
16.5 
96.5 

63 
B 

19 
13.3 
2.15 
1.074 


Test  177. 


No.  5. 

0.2 
3.4 
15.2 
24.4 
56.8 

English. 

185 

W.  G.  P. 
4543 
6.25 

51,000 
3.66 

85.1 
14.9 

84.5 
15.5 
78.3 

12 
A 

19 

8.5 

1.00 

1.101 


Test  181. 


No.  5. 

0.2 
3.4 

15.2 
24.4 
56.8 

Renfrew  No.  1. 
131 

W.  G.  P. 
4543 

7 

53,000 
0.432 

65.5 
34.5 

84.0 
16.0 
96.0 

19 
B 

19 

15.0 

2.13 

1.041 


Chemical  analyses  of  coal  and  briquets. 


Car 


Test  166.    Test  177.    Test  181. 


Laboratory  No 

Proximate: 

Moisture per  cent. 

Volatile  matter do. . . 

Fixed  carbon do... 

Ash do... 

Sulphur do. . . 

Ultimate: 

Hydrogen do. . . 

Carbon do... 

Nitrogen do. . . 

Oxygen do... 


4201 

15.87 
28.19 
46.42 
9.52 
2.34 

4.56 

70.91 

1.26 

9.17 


4228 

0.99 
32.36 
50.24 
10.41 

2.41 

4.49 

72.03 

1.09 

8.61 


5.57 
32.38 
50.96 
11.09 

2.41 

4.20 
70.09 

1.11 
10.28 


5.78 
32.62 
49.80 
11.80 

2.58 

4.59 

71.48 

1.09 

7.57 


Extraction  analyses. 


Pitches. 

Fuel. 

Briquets. 

lU. 
No.  12B. 

Test  166. 

Test  177. 

Test  181. 

4120 

4543 

4201 

13.30 

.02 

4228 
4.10 
6.27 
0.40 
11,961 

.per  cent.. 

Extracted  by  CS2  (as  received) . 
Pitch  in  briquet  by  analysis. . . 
Heat  value 

do 

do    .. 

97.70 

99.66 

6.35 

6.35 

12, 155 

6. 05 
6.05 

..B.t.u.. 

17,060 

16,969 

10,784 

12,076 
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rUEL-BEIQUETTING  INVESTIGATIONS. 


ILLINOIS  NO.  20. 

Bituminous  coal  from  Staunton,  Macoupin  County,  on  the  Litch- 
field &  Madison  Raihoad,  was  designated  Illinois  No.  20.  The 
sample  consisted  of  screenings,  and  was  shipped  by  the  operator 
primarily  for  washing  tests,  but  some  of  it  was  used  in  briquetting 
tests  103  and  104  in  a  mixture  with  Kentucky  No.  2B  (coke  breeze). 

Briquets  made  from  coke  breeze  vnih.  20  per  cent,  33J  per  cent, 
and  47  per  cent  of  coal  and  6  per  cent  of  pitch  were  easily  broken  in 
handling.  The  coke  breeze  was  washed,  one-half  being  used  wet 
and  one-half  put  through  a  drier.  Briquets  made  with  dried  fuel 
could  be  handled  better  when  hot,  but  there  was  no  difference 
between  the  two  types  when  cold.  Washed  breeze  was  too  high  in 
ash  for  satisfactory  fuel.  These  briquets  were  used  in  a  preliminary 
test  in  switcliing  locomotives.  Briquets  with  20  per  cent  of  coal 
burned  too  slowly  for  switching  service.  Briquets  with  33J  per  cent 
of  coal  were  satisfactory  for  switching,  but  burned  too  slowly  for 
freight  or  passenger  service.  Briquets  with  47  per  cent  of  coal  were 
satisfactory  for  all  services.     No  analyses  of  the  briquets  were  made. 

Size  as  shipped,  breeze  through  1-inch  coke  fork  and  coal  screen- 
ings; machine  used,  English;  briquetting  temperature,  179.6° F.;  kind 
of  binder,  coal-tar  pitch;  proportion  of  binder,  6  per  cent;  laboratory 
number  of  binder,  2729;  weight  of  fuel  briquetted,  2,000  pounds. 

Chemical  analysis. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent 

Moisture do.. 

Volat ile  matter do. . 

FLxed  carbon do. . 

Ash do.. 

Sulphur do. . 


Car 
sample. 


2731 

12.40 
14.68 
31.32 
40.32 
13.68 
3.88 


Ultimate: 

Hydrogen per  cent. 

Carbon do. . . 

Nitrogen do. . . 

Oxygen do... 

Heat  value B.  t.  u. 


Car 
sample. 


4.43 

64.71 

1.17 

9.11 

10,053 


ILLINOIS  NO.  21. 

Bituminous  coal  from  Troy,  Madison  County,  on  the  St.  Louis, 
Troy  &  Eastern  Raihoad,  was  designated  Illinois  No.  21.  Sample 
consisted  of  lump  coal  over  a  2|-inch  screen.  A  part  of  this  sample, 
14,000  pounds,  was  used  in  briquetting  test  113.  Steaming  test  318{ 
was  made  of  the  briquets  from  this  test.  i 

Machine  used,  English;  briquetting  temperature,  179.6°  F.;  kind 
of  binder,  coal-tar  pitch;  laboratory  number  of  binder,  2933;  amount 
of  binder  used,  5  and  6  per  cent;  weight  of  fuel  briquetted,  14,000 
pounds. 

Briquets  made  mth  5  per  cent  of  binder  were  hard  and  firm,  and 
stood  rough  handhng.  Weathering  test:  Days  exposed,  75;  condi- 
tion of  briquets  made  with  5  per  cent  binder,  B. 


DETAILS   OF   BRIQUETTING   TESTS. 
Chemical  analyses  of  coal  and  briquets. 
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Laboratory  No 

Proximate: 

Air-drying  loss per  cent. . 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

Ultimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do . .  - . 

Heat  value  a. B.  t.  u. . 


Car 
sample. 


2852 

10.40 
15.54 
31.26 
42.27 
10.93 
1.38 

4.57 

68.69 

1.29 

10.88 

10,507 


Test  113. 


17.31 
30.40 
42.28 
10.01 
1.28 

4.41 
70.01 

1.32 
10.61 
10,309 


a  Heat  value  of  binder  (Lab.  No.  2933),  15,937  B.  t.  u. 
ILLINOIS  NO.  23B. 

Bituminous  slack  coal,  through  2-inch  perforated  screen,  from 
Donkville,  Madison  County,  on  the  St.  Louis,  Troy  &  Eastern  Rail- 
road, was  designated  Illinois  No.  23B.  Briquettmg  test  116  was 
made  of  this  sample  of  coal.  Steaming  tests  321  and  322  were  made 
of  the  briquetted  fuel. 

Briquets  made  with  5  and  6  per  cent  broke  in  handling.  Those 
made  with  6.5  per  cent  were  satisfactory.  In  the  weathering  test 
all  briquets  were  exposed  70  days;  the  condition  of  the  briquets 
made  with  5  per  cent  of  binder  was  D;  of  those  made  with  6  per 
cent,  C;  and  of  those  made  with  6.5  per  cent,  B. 

Briquetting  test. 


I  Size  as  shipped 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature,  °F 
Binder- 
Kind  


Test  116. 


(a) 

English. 
179.6 

C.  T.  P. 


Details  of  manufacture— Continued. 
Binder— Continued. 

Laboratory  No 

Amount per  cent 

Weight  of  fuel  briquetted pounds 


Test  116. 


2933 

5, 6, 6. 5 

12,000 


o  Through  2J-inch  screen. 
Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 


Testlie.a 


Binder. 


Laboratory  No 

Proximate: 

Air-drying  loss peT  cent. 

Moisture do . . . 

Volatile  matter do. .. 

Fixed  carbon do . . . 

Ash do. . . 

Sulphur do. . . 

Ultimate: 

Hydrogen do. . . 

Carbon do... 

Nitrogen do . . . 

O  xy  gen do . . . 

Extract  by  CS2  (as  received) do. . . 

Heat  value B.  t.  u. 


2803 

13.20 

15.68 
31.28 
37.45 
15.59 
3.98 

4.36 

62. 72 

1.07 

8.64 


13.54 
36. 33 
41.67 
8.41 
3.21 

4.86 
69.30 

1.14 
11.26 


9,655 


12,9% 


2933 


64.20 
15,937 


a  Composite  sample  of  briquets. 
92012°— Bull.  58—13 11 
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FUEL-BKIQUETTING  INVESTIGATIONS. 


ILLINOIS  NO.  28A. 


7  at  Herrin,  Williamson  County, 

5 


Bituminous  coal  from  bed  No 
was  designated  Illinois  No.  28A.  This  sample  consisted  of  No 
washed  coal,  and  a  portion  of  it  was  used  in  briquetting  tests  140, 
141,  142,  143,  162,  and  163  at  St.  Louis.  Steaming  test  459  was 
made  with  the  briquets  from  tests  162  and  163  (equal  weights  ofl 
each) . 

There  was  no  appreciable  difference  in  briquets  with  6,  7,  and  8 
per  cent  of  binder  made  on  the  English  machine  and  8  per  cent  made' 
on  the  Renfrow  No.  1  machine.  Renfrow  briquets  made  with  less 
than  8  per  cent  of  binder  were  not  satisfactory.  The  satisfactory 
briquets  had  hard,  smooth  outer  surfaces,  broke  with  clean,  rough 
fracture  without  crumbling,  and  their  edges  were  hard  and  sharp 
Renfrow  briquets  could  be  handled  warm  and  could  be  piled  without 


crushing. 


Briquetting  tests. 


Test  No. 

140. 

141. 

142. 

143. 

162. 

163. 

(a) 

0.0 
3.0 
13.0 
20.2 
63.8 

English. 

185 

W.G.P. 

3410 

6 

16,000 

3.44 

(a) 

0.0 

3.0 
13.0 
20.2 
63.8 

English. 

185 

W.G.P. 
3410 

7 

16,000 
3.54 

(a) 

0.0 
3.0 
13.0 
20.2 
63.8 

English. 

185 

W.G.P. 

3410 

8 

16,000 

3.45 

(a) 

0.0 
3.0 
13.0 
20.2 
63.8 

Renfrow  No.  1 

131 

W.G.P. 
3410 

8 

134,000 
0.502 

(a) 

0.0 
3.0 
13.0 
20.2 
63.8 

Renfrow  No.  1 

131 

W.G.P. 

38S5 
7 

40,000 

0.463 

61.5 
38.5 

73.5 
26.5 

94.5 

127 
B 

19 

13.6 

1.84 

1.041 

(a) 

0.0 
3.0 
13.0 
20.2 
63.8 

English. 

185 

W.G.P. 

3885 
7 

8,00C 

3.62 

Size  as  used: 

Over  i  inch per  cent. . 

^  inch  to  i  inch do  — 

,VinchtOT>5inch...do  — 

:j'5inch  to  5^  inch... do 

Through  ^\  inch do 

Details  of  manufacture: 

Briquetting  temperature, 
"F 

Binder- 
Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted . .  lbs . . 

Briquets,    average, 

pounds 

Drop  test  (1-inch  screen): 

1 

Tumbler  test  (1-inch  screen): 
Held       do 

Passed do 

J 

Fines    through    10-mesh 

Weather  test: 

Time  exposed days. . 

('x)ndition 

182 
A 

182 
B 

182 

A 

173 
B 

173 
B 

Absorption  test: 

Time  immersed        days 

Water  absorbed  .per  cent. . 

J 

.\verage  for  first  4  days  do 

J 

Specific  gravity  (apparent)..   . 

a  Washed  screenings. 


DETAILS   or   BKIQUETTING  TESTS. 
Chemical  analyses  of  coal  and  briquets. 
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Car 
sample. 


Test  140. 

Test  142. 

Test  143. 

4066 

5.81 

5.75 

5.78 

30.31 

31.06 

30.58 

49.58 

51.50 

51.02 

14.30 

12.  61 

12.62 

1.25 

1.21 

.95 

4.21 

4.16 

4.35 

69.69 

71.92 

71.89 

1.36 

1..35 

1..36 

8.23 

7.95 

8.00 

Tests  162 
and  163. 


Laboratory  No 

Proximate: 

Moisture per  cent 

Volatile  matter do. . 

Fixed  carbon do . . 

Ash do.. 

Sulphur do. . 

Ultimate: 

Hydrogen do . . 

Carbon do. . 

Nitrogen do . . 

Oxygen do. . 


3409 

14.67 
26.17 
46.62 
12.54 
1.05 

4.14 

70.65 

1.56 

7.72 


7.32 
30.72 
49.84 
12.12 

1.29 

4.21 

71.88 

1.59 

7.85 


Extraction  analyses. 


Laboratory  No 

Air-drying  loss percent. 

Extracted  by  CS2  (as  received), 

per  cent 

Pitch  in  briquet  by  analysis, 

per  cent 

Heat  value B.  t.  u. 


Pitches. 


16,478 


3885 


95.20 
'i6,'876' 


Fuel. 


ni.  No. 

28  A. 


3409 
9.  .30 


0.21 


10,611 


Briquets. 


Test  140. 


11,561 


Test  142. 


Test  143. 


4066 


Tests  162 
and  163. 


11,927 


9.15 


11.21 
12,026 


11,637 


ILLINOIS  NO.  28B. 

Unwashed  bituminous  screenings  from  bed  No.  7  at  Herrin, 
Williamson  County,  was  designated  Illinois  No.  28B,  and  a  part  of 
the  sample  was  used  in  briquetting  tests  144,  158,  159,  160,  and  161. 
Steaming  test  457  was  made  of  the  briquets  from  tests  159  and  161 
(equal  weights  of  each). 

These  briquets  showed  the  same  characteristics  as  those  made  from 
Illinois  No.  28A  coal,  except  that  when  cold  their  surfaces  were 
tougher  and  less  liable  to  break  from  abrasion  than  those  of  the 
briquets  made  of  the  washed  fuel. 
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FUEL-BEIQUETTING  INVESTIGATIONS. 
Briquetting  tests. 


Test  No. 


158. 


160. 


161. 


Size  as  shipped 

Size  as  used : 

Over  i  inch per  cent 

-Jj  inch  to  J  inch do.. 

^\  inch  to  -^  inch do.. 

:^inch  to  j'j  inch.....l do.. 

Through  ,'5  inch do. . 

Details  of  manufacture: 

Machine  used , 

Briquetting  temperature "F 

Binder- 
Kind  

Laboratory  No 

Amount per  cent 

Weight  of— 

Fuel  briquetted pounds 

Briquets,  average do . . 

Drop  test  (1-inch  screen): 

Held per  cent 

Passed do. . 

Tumbler  test  (1-inch  screen): 

Held do.. 

Passed do. . 

Fines  through  10-mesh  sieve... do. . 
Weather  test: 

Time  exposed days 

Condition , 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


(«) 

0.4 
3.8 
13.4 
24.8 
57.6 

Renfrow  No.  1. 
131 

W.  G.  P. 

I  3486 

[  3624 

68 

123,000 
0.524 

49.0 
51.0 

79.0 
21.0 
85.0 

141 
C 

19 

15.5 

1.98 

1.075 


C) 

0.4 

3.8 

13.4 

24.8 

57.6 

English. 
185 

C.  T.  P. 

1^        3692 
6 

20,000 
3.50 

77.9 
22.1 


22. 2 

8o!o 

143 
B 

19 
14.3 
1.40 
1.092 


0.4 

3.8 

13.4 

24.8 

57.6 

English. 
185 

C.  T.  P. 

3092 


28,000 
3.51 


72.3 
27.7 


72.1 
27.9 


137 
B 

19 

12.6 

1.30 

1.112 


C) 

0.4 
3.8 
13.4 
24.8 
57.6 

English. 
185 

C.  T.  P. 

3692 


20,000 
3.63 

80.6 
19.4 

66.4 
33.6 
78.3 

137 
B 

19 

13.9 

1.40 

1.075 


(«) 


Renfrow  No.  1 
131 


a  Unwashed  screenings.  b  Equal  weights  of  the  two  binders  were  used. 

Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Proximate: 

Moisture per  cent. . 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

Ultimate: 

Hydrogen do 

Cartwn do 

Nitiogen do 

Oxygen do 


Car 
sample. 


3423 

9.87 
29.21 
48.47 
12.45 

2.19 

4,08 
70.23 
1.45 
8.00 


Te,st  144. 


4144 

6.38 
31.07 
51.19 
11.. 36 

1.55 

4.22 

71!  82 
1.39 


Tests 
158,  159, 
and  160. 


4150 

5.  45 
31.65 
51.74 
11.16 

2.04 

4.19 

71.62 

1.43 


Test  161. 


Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent . . 

Extract  by  CSj  (as  received) 

per  cent 

Pitch  in  briquet  by  analj-sis, 

per  cent ." 

Heat  value B.  t.  u. , 


Pitches. 


16,407 


3624 


99.60 
i6,"i93' 


3692 


69.71 
i6,'i63' 


3885 


95.20 
i6,'876' 


Fuel. 


lU.  No. 
28B. 


3423 
6.20 


.23 


Briquets. 


Test  144. 


7.54 


8.57 
11,329  I       12,094 


Tests 
1.58,  159, 
and  160. 


4150 


7.02 
12, 161 


Test  161. 


DETAILS   OF   BKIQUETTING   TESTS. 
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ILLINOIS  NOS.  29A  AND  29B. 

Bituminous  screenings  through  a  2-inch  shaking  screen  from  bed 
No.  5  at  Livingston,  Madison  County,  were  designated  Illinois  No.  29 A, 
and  briquetting  tests  170  and  171  were  made  of  a  washed  part  of 
the  sample.     Steaming  test  465  was  made  of  the  briquetted  fuel. 

Run-of-mine  coal  from  the  same  location  was  designated  IllUiois 
No.  29B,  and  briquetting  test  175  was  made  of  a  part  of  the  sample. 
Steaming  test  466  was  made  of  the  briquetted  fuel. 

Tests  170  and  171,  made  of  washed  screenings  with  7  per  cent  of 
binder  on  the  English  and  Renfrow  No.  1  machines,  respectively, 
furnished  satisfactory  briquets  in  each  case.  The  briquets  were  very 
hard  and  tough  and  broke  with  rough  fracture  and  hard  edges. 
Renfrow  briquets  were  well  molded  and  stood  handling  when  warm. 

Briquets  from  test  175  made  of  the  raw  run-of-mine  coal  were 
identical  with  those  made  of  the  washed  coal,  except  that  the  fracture 
was  rougher  and  harder,  as  the  fuel  did  not  crush  so  fine  in  grinding. 

Briquetting  tests. 


111.  No.  29A. 


Test  170.         Test  171. 


lU.  No.  29B. 


Test  175. 


Size  as  shipped 

Size  as  used: 

Over  i  inch per  cent. 

tV  inch  to  J  inch , do. . . 

5»5  inch  to  x^5  inch do . . . 

-/s  inch  to  ,V  inch do. . . 

Through  :,\  inch do . . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature "F . 

Binder- 


Kind. 


Laboratory  No 

Amount per  cent. 

Weight  of  fuel  briquetted pounds . 

Average  weight  of  briquet do... 

Drop  test  (1-inch  screen): 

Held per  cent. 

Passed do. . . 

Tumbler  test  (1-inch  screen): 

Held do. . . 

Passed do. . . 

Fines  through  10-mesh  sieve do... 

Weather  test: 

Time  exposed days. 

Condition 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Averageforfirst{2  days.. ...................... .---do^ 

Specific  gravity  (apparent) 


3.6 

8.6 

16.2 

20.8 

50.8 

English. 
203 

IW.G.P. 

[C.  T.  P. 

r        4319 

1         4543 

67 

6,000 

3.84 

74.4 
25.6 

94.0 
6.0 
1.2 

56 
C 

19 
17.0 
5.15 


(°) 

3.6 

8.6 

16.2 

20.8 

50.8 

Renfrow  No.  1. 
131 


W.G.P. 

4543 


24,000 
0.437 

47.0 
53.0 

75.0 
25.0 
87.3 

55 
B 

19 
21.5 
5.05 


3.2 

9.8 

16.1 

25.8 

44.8 

Renfrow  No.  1. 

131 

W.G.P. 

4543 

l."),0()(l 
0.  46."> 

50. 5 
49. 5 

77.5 
22.5 
90.2 

53 
B 

19 

18.8 


1.053 


0.969 


2.42 
1.052 


a  Washed  screenings.  ... 

b  Equal  weights  of  the  two  pitches  were  used  and  the  calorific  value  was  determmed  from  the  separate 
calorific  values  of  the  two  pitches. 
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FUEL-BRIQUETTING  INVESTIGATIONS. 
Chemical  analyses  of  coal  and  briquets. 


Car 

Car 

sample, 

sample, 

Test  170. 

Test  171. 

HI.  29 A. 

lU.  29  B. 

3963 

3958 

4233 

4581 

13.10 

12.47 

14.23 

12.29 

30.78 

33.12 

34.63 

37.16 

40.12 

41.85 

43.96 

43.99 

16.00 

12.56 

7.18 

6.56 

4.17 

4.37 

2.84 

3.56 

4.37 

4.55 

4.78 

4.91 

62.44 

65.31 

72.39 

72.23 

1.02 

1.14 

1.08 

1.07 

8.96 

19.66 

10.07 

10.26 

Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fi.xed  carbon... 

.\sh 

Sulphur 

Ultimate: 

Hydrogen..; 

Carbon 

Nitrogen 

Oxygen 


.per  cent. 

do... 

....do... 

do... 

do... 


.do... 
.do... 
.do... 
.do... 


424.-. 

lo- 
se. 

43. < 

10.  '.M 

3.  LM 

4.  vj 
69.  4.i 

1.2r, 
9.  Oo 


Extraction  analyses. 


Pitches. 


Fuel. 


ni.  No. 
29\. 


m.  No. 
29B. 


Briquets. 


Test  170.    Test  171.    Test  175 


Laboratory  No 

.\ir-drying  loss per  cent.. 

Extract  by  CS2  (as  received),  .do 

Pitch  in  briquet  by  analyses,  .do 

Heat  value ". B.  t.  u. . 


66.25 
i6,'i39 


99.66 
16,969 


3963 

8.60 

.76 


3958 

7.30 

.92 


9,983 


10,667 


4233 
11.80 
5.83 
6.17 
11,254 


4581 
10.40 
6.77 
6.09 
11,671 


4245 
7.80 
6.38 
5. 53 
11,486 


ILLINOIS  NO.  30. 

Bituminous  nut  coal,  tlirough  a  3-mch  and  oyer  a  2-inch  shaking 
screen,  from  bed  No.  7  at  Shiloh  Station,  St.  Clair  County,  on  the 
Southern  Railway,  was  used  m  briquetting  tests  225,  226,  and  228. 
Steaming  test  511  was  made  of  the  briquets. 

Briquets  from  all  three  tests  were  satisfactory  and  had  hard,  rough 
exteriors,  and  broke  wdth  rough,  uneven  fractures,  but  had  some- 
what crumbly  edges.  All  briquets  had  a  bluish  color  and  fracture, 
which  showed  an  excess  of  pitch.  The  Renfrow  briquets  showed  the 
results  of  insufficient  pressure.  No  analyses  were  made  of  the 
briquets  resultmg  from  test  228. 


DETAILS   OF   BRIQUETTING   TESTS. 
Briquetting  tests. 
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Test  225. 


Test  226. 


Test  228. 


Size  as  shipped 

Size  as  used: 

Over  1  inch per  cent. 

fyinch  to  J  inch do... 

^  inch  to-Jj  inch do. .. 

:fV  inch  to  ^V  inch do. . . 

Through  ^j,  inch do. . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °  F . 

Binder — 

Kind 

Laboratory  No 

Amount per  cent. 

Weight  of: 

Fuel  briquetted pounds. 

Briquets,  average do. . . 

Drop  test  (1-inch  screen): 

Held per  cent . 

Passed do. . . 

Tumbler  test  (1-inch  screen): 

Held do. . . 

Passed do. . . 

Fines  through  10-mesh  sieve. do. . . 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent . 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


(°) 

2.0 

7.0 

17.4 

20.8 

52.8 

English. 

185 

W.  G.  P. 

4806 
6 

6,000 
3.50 

80.2 
19.8 

75.9 
24.1 
82.6 

13 

8.6 

1.35 

1.087 


(«) 

2.0 
7.0 
17.4 
20.8 
52.8 

English. 
185 

W.  G.  P. 

4806 

7 

6,000 
3.45 

81.5 
18.5 

79.0 
21.0 
85.0 

13 
8.5 
1.98 


(«) 

2.0 
7.0 

17.4 
20.8 
52.8 

Renfrow  No.  1. 
158 

W.  G.  P. 

4806 

8.5 

6.500 
0.463 

47.0 
53.0 

82.5 
17.5 
95.0 

23 

16.2 

2.10 

1.060 


oNut,  washed. 
Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 


Tests  2?5 
and  226. 


Laboratory  No 

Pro.ximate: 

Moisture per  cent 

Volatile  matter do. . 

Fixed  carbon do. . 

Ash do. . 

Sulphur , do. . 

Ultimate: 

Hydrogen do. . 

Carbon do. . 

Nitrogen do. . 

Oxygen do. . 


4364 


11.69 

9.75 

35.70 

39.25 

39.42 

42.69 

13.19 

8.31 

4.38 

3.21 

4.71 

4.80 

64.72 

71.70 

1.06 

1.13 

9.61 

9.60 

Extraction  analyses. 


Pitch. 


Fuel. 


Ul.  No. 
30B. 


Briquets. 


Tests  225 
and  226. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CSj  (as  received) do — 

Pitch  in  briquet  by  analysis do — 

Heat  value B.  t.  u. 


4806 


96.90 
16,864 


4364 

8.70 

.61 


10,699 


4714 
5.3 
6.18 
5.80 
11,977 
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FUEL-BKIQUETTING   INVESTIGATIOlSrS. 


ILLINOIS  NO.  31. 

Bituminous  screenings,  over  a  1^-incli  shaking  screen,  from  bed 
No.  6,  at  Worden,  St.  Clair  County,  on  the  Wabash  Railroad,  were 
designated  Illinois  No.  31,  and  a  part  of  this  sample  was  used  in 
briquetting  tests  185,  186,  224,  and  237.  Steaming  tests  489  and 
491  were  made  of  the  briquets. 

The  briquets  were  porous,  with  soft  surfaces,  rough  fracture,  and 
easily  crumbled  edges.  English  briquets  were  handled  from  the 
machine  without  breaking.  Renfrow  briquets  were  not  satisfactory, 
owing  to  low  pressure.  This  coal,  although  dirty,  should  be  a  good 
briquetting  coal. 

Briquetting  tests. 


Test  185. 


Test  186. 


Test  224. 


Test  237. 


Size  as  shipped 

Size  as  used: 

Over  i  inch per  cent. . 

■^  inch  to  i  inch do 

,\inch  to-jio  inch do 

:jV  inch  to  ^V  inch do 

Through  .,V  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature,  °F 

Binder — 

Kind 

Laboratory  No 

Amoiint per  cent. . 

Weight  of — 

Fuel  briquetted pounds. . 

Briquets,  average do 

Drop  test  (1-inch  screen): 

Held per  cent. . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do — 

Fines  through  10-mesh  sieve do 

Weather  test: 

Time  exposed days. . 

Condition 

Absorption  test: 

Time  immersed days . . 

Water  absorbed per  cent . . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


(a) 

3.0 

8.5 

17.0 

24.0 

47.5 

Renfrow  No.  1. 

140 

W.G.P. 
4543 

7 

12,000 
0.460 

64.5 
35.5 

91.5 
8.5 
94.1 

11 
B 

19 

14.5 

2.70 

1.053 


(o) 

3.0 
8.5 
17.0 
24.0 
47.5 

EngUsh. 
176 

W.G.P. 
4543 


12,000 
3.77 

79.7 
20.3 

78.8 
21.2 
75.7 

10 
A 

19 

9.2 

1.60 

1.144 


(a) 

3.0 

8.5 

17.0 

24.0 

47.5 

English. 
149 

W.G.P. 
4683 

7 

11,000 
3.91 

24.2 

75.8 

43.3 
56.7 
65.0 


3.0 

8.5 

17.0 

24.0 

47.5 

Renfrow  No.  1. 
149 

W.G.P. 

4806 


10.000 
0.442 

34.5 

65.5 

80.5 
19.5 
87.5 


13 

7.4 

1.67 

1.167 


13 
13.1 
1.93 
1.123 


a  Screenings. 
Chemical  analyses  of  coal  and  briquets. 


Car  sam- 
ple. 

Test  185. 

Test  186. 

Test  224. 

4376 

4397 

4382 

4830 

13.10 

10.81 

14.52 

9.17 

32.16 

33. 72 

33.74 

33.03 

41.49 

42.74 

39.40 

43.90 

13.25 

12.73 

12.34 

13.90 

3.66 

3.60 

3.36 

3.90 

4.58 

4.54 

4.68 

4.33 

65.95 

67.31 

67.91 

66. 14 

1.19 

1.04 

1.12 

1.01 

8.82 

8.92 

7.92 

8.93 

Test  237. 


Laboratory  No 

Proximate: 

Moisture per  cent. 

Volatile  matter do. . . 

Fixed  carbon do. .  . 

Ash do.. . 

Sulphur do. . . 

Ultimate: 

Hydrogen do.. . 

Carbon do . . . 

Nitrogen do . . . 

Oxygen do... 


6.98 
35.21 
42.85 
14.96 

3.78 

3.57 
59.48 
0.83 
5.67 


DETAILS   OF   BRIQUETTING   TESTS. 
Extraction  analyses. 
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Pitches. 


IU.No.31 


Briquets. 


Test  185.    Test  186.    Test  224.    Test  237 


Laboratory  No 

Air-drying  loss. .  .per  cent. . 

Extract  by  CSj  (as  re- 
ceived)  percent.. 

Pitch  in  briquet  by  anal- 
ysis   percent. . 

Heat  value B.  t.  u.. 


4543 


99.66 
16,969 


4683 


89.31 
i6,'637' 


4806 


4376 
9.70 


96.90 

16,864 


10,393 


4397 
8.00 


6.50 


6.11 
11,002 


4385 
11.10 


6.21 


5.86 
10,517 


4830 
4.70 


7.08 
10,921 


4890 
2.80 


7.58 


7.41 
11,158 


ILLINOIS  NO.  33. 

Bituminous-coal  screenings,  through  1^-inch  shaking  screen,  from 
bed  No.  7  at  Trenton,  Clinton  County,  on  the  Baltimore  &  Ohio  Rail- 
road, were  designated  Illinois  No.  33,  and  a  part  of  the  sample  was 
used  in  briquetting  tests  206,  207,  210,  and  235.  Steaming  test  513 
was  made  of  the  briquets. 

The  surfaces  of  all  briquets  were  soft,  their  fracture  ragged,  and 
their  edges  easily  broken.  Greater  percentages  of  binder  had  no 
apparent  effect  on  their  appearance.  Increased  moisture  content 
made  a  very  soft,  warm  briquet,  which  hardened  on  cooling  with  a 
harder  surface  than  those  with  less  moisture. 

Briquetting  tests. 


Size  as  shipped Screenings. 

Size  as  used: 

Over  J  inch percent..  2.0 

y>5  to  J  inch do....  9.8 

^V  to  yV  inch do....  26.4 

,V  to  iV  inch do ... .  27. 0 

Through  -^  inch do 34.8 

Details  of  manufacture: 

Machine  used EnglLsh. 

Briquetting  temperature °  F. .  149 

B  inner- 
Kind W.G.  P. 

Laboratory  No 4683 

Amount per  cent. .  7 

Weight  of— 

Fuel  briquetted pounds . .  8, 000 

Briquets,  average do 4.07 

Drop  test  (1-inch  screen): 

Held per  cent . .  50. 0 

Passed do 50.0 

Tumbler  test  (1-inch  screen): 

Held do....  55.6 

Passed do 44. 4 

Unes  through  10-mesh  sieve do  —  66. 6 

Absorption  test: 

Time  immersed days . .  10 

Water  absorbed per  cent. .  7. 6 

Average  for  first  4  days do 2.30 

Specific  gravity  (apparent) 1-291 


Test  207. 


Screenings. 

2.0 
9.8 
26.4 
27.0 
34.8 

English. 
149 

W.  G.  P. 

4683 
6 

7,000 
4.12 

61.8 
38.2 

60.3 
39.7 
72.1 

10 

9.4 

2.40 

1.280 


Screenings. 

2.0 
9.8 
26.4 
27.0 
34.8 

Kenfrow  No.  1 . 
158 

W.  G.  P. 

4683 

7 

6,000 
0.474 

74.5 
25.5 

94.0 

6.0 

90.8 

10 
11.1 
2.93 
1.232 


Test  235. 


Screenings. 

2.0 

9.8 

26.4 

27.0 

34.8 

Renfrow  No.  1. 
167 

W.  O.  P. 
4806 

8 

15,000 
0.484 

34.5 
65.5 

89.5 
10.5 
94.7 

10 
6.5 
1.70 

1.298 
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Chemical  analyses  of  coal  and  briquets. 


Mine 
sample. 

Tests  206 
and  207. 

Test  235. 

4385 

15.06 
29. 48 
45.81 
9.65 
1.05 

4728 

11.50 
25.44 
42.37 
20.69 
1.52 

3.72 

61.46 

1.02 

8.70 

488S 

Proximate: 

per  cent. . 

9.47 

Volatile  matter 

Fixed  carbon 

Ash                     

do 

do.... 

do.... 

28.25 
40.75 
21.53 

do.... 

1.56 

Ultimate:                        .       • 

-. do.... 

3.93 

do.... 

60.07 

do.... 

* 

1.03 

do... 

9.47 

Extraction  analyses 


Pitches. 


111.  No.  33. 


Briquets. 


Tests  206 
and  207. 


Test  235. 


Laboratory  No 

.\ir-drying  loss per  cent. 

Extract  by  CSj  (as  received) do... 

Pitch  in  briquet  by  anah'sis do... 

Heat  value B.  t.  u. 


89.31 


96.90 


4385 

4.80 

.28 


4728 
5.50 
4.93 
5.23 
9.823 


4888 
3.90 
7.42 
7.40 
9,761 


INDIANA  NO.  1. 

A  sample  of  bituminous  run-of-mine  coal  from  Mildred,  Sullivan 
County,  on  the  Evansville  &  Terre  Haute  Railroad,  was  designated 
Indiana  No.  1,  and  a  part  of  the  sample  was  subjected  to  briquetting 
tests  at  the  St.  Louis  plant. 

Four  tons  of  this  coal  was  briquetted  in  the  English  press  with  7 
per  cent  of  pitch  D.  The  coal  was  fii-st  washed  and  then  dried.  The 
briquets  were  brown  in  color,  readUy  handled  as  they  came  from  the 
macliine,  and  when  cold  stood  rough  handling.  The  average  weight 
of  the  briquets  was  6.8  pounds  each.  Eggettes  made  of  the  mixture 
on  the  American  machine  were  better  and  stronger  than  the  briquets. 

Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Briquets. 

Laboratory  No 

1507 

3.00 
11.40 
33. 81 
41.39 
13.40 

2.50 

4.63 

68.11 

1.33 

7.99 

11,061 

1521 

Proximate: 

Air-drying  loss 

per  cent. . 

4.20 

Moisture 

do 

11.74 

Volatile  matter 

do... 

38.79 

Fixed  carbon 

do 

43.23 

,Vsh 

do 

6.24 

Sulphur 

do... 

2.03 

Ultimate: 

H  vdrogen 

do  ... 

4.91 

Carbon 

do.... 

75.77 

Nitrogen 

do  ... 

1.47 

Oxygen 

do.... 

8.48 

Heat  value 

B.  t.  u  . 

12,037 

DETAILS   OF   BRIQUETTING   TESTS. 
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INDIANA  NO.  IB. 

Bituminous  screenings  (through  1-inch  screen)  from  Mildred,  Sulli- 
van County,  on  the  Evansville  &  Terre  Haute  Railroad,  were  desig- 
nated Indiana  No.  IB.  The  sample  was  used  in  briquetting  test  217. 
No  steaming  test  was  made  of  the  briquets. 

Briquets  made  with  8.5  per  cent  of  binder  on  the  Renfrow  No.  1 
machine  were  satisfactory  when  the  fuel  was  very  dry;  excess  of 
moisture  made  briquets  that  were  soft  when  warm  and  crumbled 
easily  when  cold.  The  briquets  had  a  porous,  dull  surface  and  a 
rough  fracture  with  ragged  edges,  but  were  tough  and  hard,  produc- 
ing only  a  small  amount  of  slack  in  handling  and  showing  no  evidence 
of  sticking  together  when  piled  warm.  Locomotive  and  house  boiler 
tests  were  made  of  briquets  from  test  217. 

Briquetting  test. 


Size  as  shipped 

Size  as  used: 

Over  I  inch per  cent 

^  inch  to  }  inch do. . 

j^  inch  to  -iV  inch do . . 

-f\;  inch  to  ,\(  inch do. . 

Tlirough  ,'5  inch do. . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature. .  °F 

Binder- 
Kind 

Laboratory  No 

Amount per  cent 

Weight  of— 

Fuel  briquetted.  .pounds 
Briquets,  average. .  .do. . 


Test  217. 


Screenings. 

5.0 
12.4 
22.4 
23.4 
36.8 

Renfrow  No.  1. 
141 

W.  G.  P. 

4683 
8.5 

88,000 
0.485 


Drop  test  (1-inch  screen): 

Held per  cent. . 

Passed do 

Tumbler  test  (l-inch  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve, 

per  cent 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

.\verage  for  first  4  days,  .do 

Specific  gravity  (apparent) 


Test  217 


54.5 
45.5 

86.5 
13.5 

95.0 

22 

14 

1.92 

1.114 


Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Te.st  217. 

4590 

15.83 
29.08 
39.20 
15.89 
2.54 

4080 

Proximate: 

per  cent. . 

8.29 

: .: .^...do.... 

30.55 

do.... 

47.01 

Ash 

do.... 

14.15 

do.... 

2.38 

Ultimate: 

do.... 

4.43 

do.... 

68.76 

do.... 

1.19 

do.... 

7.  59 
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Extraction  analyses. 


Pitch. 


Fuel. 


Ind. 
No.  IB. 


Briquets. 


Test  217. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSj  (as  received). 
Pitch  in  briquet,  by  analysis..  . 
Heat  value 


.percent. 

do... 

do... 

..B.  t.u. 


4590 
13.90 


89.31 
'i6,'637" 


9,866 


4680 
3.60 
7.08 
7.21 
11,444 


INDIANA  NO.  2. 

A  sample  of  bituminous  run-of-miiie  coal  from  Boonvillo,  Warrick 
County,  on  the  Southern  Railway,  was  designated  Indiana  No.  2  and 
a  part  of  the  sample  was  subjected  to  a  briquettmg  test. 

One  ton  of  this  coal  was  briquetted  with  7  per  cent  of  pitch  H,  the 
briquets  being  satisfactory  in  every  way.  They  were  brown  in  color 
and  resembled  those  made  of  Indiana  No.  1  coal,  but  were  much 
stronger,  by  reason  of  the  better  quality  of  pitch.  They  weighed  on 
the  average  6.42  pounds  each.     No  analysis  of  the  briquets  was  made. 

Chemical  analysis. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent 

Moisture do. . 

Volatile  matter do.. 

Fixed  carbon do . . 

Ash do.. 

Sulphur do.. 


Car 
sample. 


1495 

3. 60 
9.62 
36. 14 
41.22 
13.02 
4.43 


Ultimate: 

Hydrogen per  cent. 

Carbon do. .. 

Nitrogen do . . . 

Oxygen do. . . 

Heat  value B.  t.u. 


Car 
sample. 


4.71 

67.16 

1.33 

7.49 

11, 122 


INDIANA  NO.  5B. 

A  sample  of  bituminous  screenings  (through  l|-inch  bar  screen) 
from  Hymera,  Sullivan  (^ounty,  on  the  Evansville  &  Terre  Haute 
Railroad,  was  designated  Indiana  No.  5B  and  was  used  in  briquetting 
tests  229  and  230. 

The  briquets  made  were  identical  in  characteristics  with  those  made 
from  Indiana  No.  IB  and  Indiana  No.  6B  coal. 

Locomotive  and  house-boiler  tests  were  made  of  the  briquets  from 
test  ■  230,  but  locomotive  steaming  tests  only  were  made  of  the 
briquets  from  test  229. 


DETAILS   OF   BEIQUETTING   TESTS. 
Briquetting  tests. 
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Test  229. 


Test  230. 


Size  as  shipped 

Size  as  used: 

Over  \  inch per  cent.. 

^  inch  to  }  inch do 

-^  inch  to  y»5  inch do 

^5  inch  to  yV  inch do 

Through  i^  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F . . 

Binder — 

Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  hriquetted pounds. . 

Briquets,  average do 

Drop  test  (l-inch  screen): 

Held per  cent. . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do. . . . 

Passed do 

Fines  through  10-mesh  sieve do 

Absorption  test: 

Time  immersed days.. 

Water  absorbed per  cent.. 

Average  for  first  4  days do 

Si)ecific  gravity  (apparent) 


Screenings. 

1.0 
5.6 
11.8 
20.4 
61.2 

English. 
176 

W.  G.  V. 
4806 

7 

24,000 
3.69 

81.6 
18.4 

79.3 
20.7 
72.0 

13 

7.4 

1.2 

1.078 


Screenings. 

1.0 
5.6 
11.8 
20.4 
61.2 

Renfrew  No.  1. 
140 

W.  G.  P. 

4806 
9 

30,000 
0.424 

50.0 
50.0 

81.5 
18.5 
92.3 

23 

13.8 

1.86 

1.097 


Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Test  229. 

Test  230. 

4708 

13.48 
31.94 
42.97 
11.61 
4.08 

4.65 

67.30 

1.09 

8.82 

4822 

7.27 
37.  73 
44.37 
10.63 

4.29 

4.49 

68.47 

1.13 

9.80 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

percent.. 

do 

do.... 

do.... 

6.34 
37.53 
44.74 
11.39 

Sulphur                                    

do.... 

4.76 

Ultimate: 
Hydrogen 

do.... 

4.62 

.• do.... 

68.06 

do.... 

1.10 

do.... 

8.96 

\ 

Extraction  analyses. 


Pitch. 


Fuel. 


Ind.  No. 
53. 


Briquets. 


Test  229.    Test  230, 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CSj  (as  received) do. . . 

Pitch  in  briquet  by  analj^is do... 

Heat  value B.  t.  u . 


4806 


4708 
10.00 


96.90 
"  16,864' 


10,822 


6.87 

5.82 

11,945 


8.50 

7. 52 

12,046 


INDIANA  NO.  6B. 


Bituminous  screenings,  through  1  J-inch  bar  screen,  from  vein  No.  4 
at  Hymera,  SulHvan  County,  on  the  Evansville  &  Terrc  Haute  Rail- 
road, were  designated  Indiana  No.  6B,  and  were  used  in  briquetting 
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tests  220  and  227.  A  locomotive  steaming  test  was  made  of  briquets 
from  test  220  and  a  house-boiler  steaming  test  of  briquets  from 
test  227. 

Renfrow  briquets  were  similar  to  those  made  from  Indiana  No.  IB 
coal.  Seven  per  cent  binder  gave  satisfactor}'^  English  briquets  when 
the  coal  was  thoroughly  dried ;  otherwise  the  briquets  were  soft  and 
easily  broken  when  cold.  When  warm,  the  briquets  were  soft  and 
spongy,  although .  cohesive  enough  to  be  handled  without  breaking. 
When  cold,  they  became  tough,  \\dth  porous  surfaces,  rough  frac- 
tures, and  ragged  edges. 

Briquetting  tests. 


Test  220. 


Test  227. 


Size  as  shipped 

Size  as  used: 

Over  i  inch per  rent . . 

yV  inch  to  i  inch do 

^\  inch  to  Jj  inch do 

^  inch  to  -i's  inch do 

Through  ^'5  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F . . 

Binder- 
Kind  

Laboratory  No 

Amotmt.. per  cent.. 

Weight  of— 

Fuel  briquetted pounds. . 

Briquets,  average do 

Drop  test  (1-inch  screen): 

Held per  cent . . 

Passed do 

Tumbler  test  (1-ineh  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve do 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent.. 

.\ verage  for  first  4  days do 

Specific  gra\T:ty  (apparent) 


Screenings. 

1.2 

5.6 

10.2 

20.4 

62.6 

Renfrow  No.  1. 
140 

W.  G.  P. 

4806 

8.5 

64,000 
0.484 

58.5 
41.5 

84.0 
16.0 
90.0 

13 

12.5 

2.04 

1.083 


Screenings. 

1.2 

5.6 

10.2 

20.4 

62.6 

English. 
168 

W.  G.  P. 


8,000 
3.84 

83.7 
16.3 

81.2 

18.8 
78.3 

13 

6.7 

1.06 

1.156 


Chemical  analyses  0/ coal  and  briquets. 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

FLxed  carbon... 

Ash 

Sulphur 

intimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


.per  cent 

do.. 

do.. 

do.. 

do.. 


.do. 
.do. 
.do. 
.do. 


RawfueL 

Test  220. 

4604 

4835 

11.48 

5.84 

.35. 63 

38.08 

40.63 

44.22 

12.26 

11.86 

5.08 

4.49 

4.79 

5.04 

66.96 

70.61 

1.13 

1.14 

7.53 

5.85 

Test  227. 


4872 

5.72 
37.83 
43.16 
13.29 

4.87 

4.76 

66.48 

L07 

8.42 


DETAILS   OF   BEIQUETTING   TESTS. 
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Extraction  analyses. 


Pitch. 


Fuel. 


Ind.  No, 
6B. 


Briquets. 


Test  220. 


Test  227. 


Laboratory  No 

Air-drying  loss per  cent. 

Extract  by  CS2  (as  received) do. . . 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.  u . 


96.90 
16,' 864' 


4604 
7.00 
.76 


10,987 


4835 
3.30 
8.10 
7.64 
12, 132 


4872 
2.70 
7.47 
6.99 
11,839 


INDIANA  NO.  19. 

Bituminous  screenings,  thi-ough  1^-inch  stationary  bar  screen, 
from  the  Brazil  Block  top  bed  at  Diamond,  Parke  County,  on  the 
Chicago  &  Eastern  Illinois  Railroad,  were  designated  Indiana  No.  19 
and  were  used  in  briquetting  test  165.  Steaming  test  464  was  made 
of  the  briquets;  a  locomotive  steaming  test  was  also  made  of  them. 

The  briquets  made  of  the  dry  coal  with  8  per  cent  of  binder  were 
hard,  with  firm  surfaces  and  very  rough  fracture.  With  moist  coal, 
satisfactory  briquets  were  made  regardless  of  the  percentage  of 
binder  used.  These  briquets  had  a  dull-gray  color,  due  to  the  presence 
of  a  large  quantity  of  clay. 

Briquetting  test. 


Size  as  shipped 

Size  as  used: 

Over  J  inch percent 

^  inch  to  i  inch do.. 

^  inch  Xo-as  inch do.. 

■^  inch  to  5V  inch do.. 

Through  -i\  inch do. . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature."  F 

Binder- - 

Kind 

Laboratory  No.  a 

Amount per  cent 

Weight  of— 

Fuel  briquetted.. pounds 
Briquets,  average. .  .do. . 


Test  165. 


Screenings. 

3.6 
12.4 
20.0 
24.0 
40.0 

Renfrow  No.  1 . 
131 

W.G.P. 
f  3962 

I  4120 


80.000 
0.562 


Drop  test  (1-inch  screen): 

Held per  cent. 

Passed do. . . 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines  through  10-mesh  sieve, 

per  cent 

Weather  test: 

Time  exposed days. 

Condition 

Absorption  test: 

Time  immersed days . 

Water  absorbed per  cent . 

Average  for  first  4  days,  per 

cent 

Specific  gravity  (apparent) 


Test  165. 


64.0 
36.0 


89.0 
11.0 


91.5 


16 

12.6 


1.90 
1.211 


a  Binder  contained  6  parts  No.  4120  and  1  part  No.  3%2. 
Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 

Test  165. 

3979 

16.91 
26.85 
38.87 
17.37 
1.89 

4.33 

63.75 

L22 

7.53 

4315 

Proximate: 

per  cent. . 

4.89 

do 

30.53 

do.... 

44.00 

do.... 

20.58 

do.... 

3.36 

Ultimate: 

do.... 

4.18 

do.... 

61.71 

do.... 

1.00 

do... 

7.94 
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Extraction  aiialyses. 


Pitches. 


Fuel. 


Ind.  No. 
19. 


Rriquets. 


Test  165. 


Laboratory  No 

Air-dryiiig  loss 

Extract  by  CSj  (as  received). 
Pitch  in  briquet  by  analysis. 
Heat  value ....:.. 


.per  cent. 

do... 

do... 

...B.t.u. 


3962 
"'77.' 79 
'i6,'946' 


4120 


97.70 
16,946 


3979 

13. 10 

1.12 


9, 524 


4315 
5.40 
7.39 
6.90 
10,640 


INDIANA  NO.  20. 

Bituminous  screenings,  through  a  l|-inch  bar  screen,  from  the 
Brazil  Block  bottom  bed  at  Brazil,  Clay  County,  on  the  Chicago  & 
Eastern  Illinois  Railroad,  were  designated  Indiana  No.  20,  and  a  part 
of  the  washed  sample  was  used  in  briquetting  test  169.  A  locomotive 
steaming  test  was  made  of  the  briquets. 

The  surfaces  of  briquets  with  7  per  cent  of  binder  became  soft 
and  easily  abraded  as  the  briquets  cooled.  The  briquets  were  easily 
transported  from  the  press,  but  produced  a  high  percentage  of  slack 
when  handled  afterwards.  Their  fracture  was  rough  and  their  color 
brighter  than  in  briquets  from  unwashed  fuel. 

Briquetting  test. 


Size  as  shipped 

Size  as  used: 

Over  \  inch per  cent 

■^  inch  to  i  inch do.. 

j\  inch  toi's  inch do.. 

^\  inch  to  ^V  inch do. . 

Through  A  inch do. . 

Details  of  manufacture: 

Macli ine  used 

Briquetting  temperature. .  °  F 

Binder- 
Kind 

Laboratory  No 

Amount per  cent 

Weight  of— 

Fuel  briquetted.. pounds 
Briquets,  average. .  .do. . 


Test  169. 


Screenings. 

0.0 

3.0 

16.2 

26.6 

54.2 

Renfrow  No.  1. 
131 

W.  G.  P. 

4318,4543 

7 

30,000 
0.427 


Drop  test  (1-inch  screen): 

Held per  cent. 

Passed do . . . 

Tumbler  test  (1-inch  screen): 

Held per  cent. 

Passed do . . . 

Fines  through  10-mesh  sieve, 

per  cent 

Weather  test: 

Time  e.xposed days. 

Condition 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days.  .do. . . 
Specific  gravity  (apparent) 


Test  169. 


39.0 
61.0 

71.0 
29.0 

93.8 

48 
B 

19 

28.5 

4.0 

0.9031 


Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 

Test  169. 

Laboratory  No 

3979 

16.91 
26.85 
38.87 
17.37 
1.89 

4.33 

63.75 

1.22 

7.53 

4627 

Proximate: 

per  cent. . 

9.67 

Volatile  matter 

do 

35.75 

Fixed  carbon 

do.... 

47.65 

Ash 

do.... 

6.93 

do.... 

1.40 

Ultimate: 

Hydrogen 

do.... 

5.06 

Carbon 

do.... 

75.14 

do.... 

1.25 

do.   . 

9.33 

DETAILS   OF   BRIQUETTING   TESTS. 
Extraction  analyses. 
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Pitches. 


Fuel. 


Tnd. 
No.  20. 


Briquets. 


Test  169. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CS2  (as  received) do... 

Pitch  in  briquet,  by  analysis do. . . 

Heat  value B.  t.  u. 


90.42 
'i6,'8ii' 


3979 

13.10 

.63 


16,811 


9,524 


4627 
7.90 
8.40 
8.39 
12,391 


INDIAN  TERRITORY  NO.  2. 

A  sample  of  bituminous  run-of-mine  coal  from  Hartshorne,  Pitts- 
burg County,  Okla.  (Indian  Territory  on  the  date  test  was  made), 
on  the  Rock  Island  system,  was  designated  Indian  Territory  Xo.  2 
and  a  part  of  the  sample  was  subjected  to  briquetting  tests. 

This  coal  was  tested  with  the  hard  pitch  X.  With  8.5  per  cent  of 
pitch  the  briquets  were  not  strong  and  crumbled  readily.  With 
12  per  cent  of  pitch  the  briquets  were  not  much  better,  and  with  13.4 
per  cent  they  looked  well  as  they  came  from  the  press  but  were  not 
strong  and  began  to  lose  their  corners  soon  after  being  exposed  to 
the  weather.  Judging  from  the  runs  made,  this  coal  will  require 
more  than  the  usual  pressure.  The  briquets  containing  8.5  per  cent 
of  pitch  weighed  only  5.08  pounds  each.  Those  with  13.4  pei  cent 
of  pitch  weighed  6.15  pounds  each. 

Chemical  analysis. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. 

Moisture do. . . 

Volatile  matter do. . . 

Fixed  carbon do. . . 

Ash do... 

Sulphur do. . . 


Car 
sample. 


1184 

2.80 

4.45 

36.15 

48.40 

11.00 

1.52 


Ultimate: 

Hydrogen do. . . 

Carbon do. . . 

Nitrogen do. . . 

Oxygen do. . . 

Heat  value B.  t.  u. 


Car 

sample. 


4.90 

72.73 

1.75 

7.52 
12,607 


INDIAN  TERRITORY  NOS.  2B  AND  2C. 

Bituminous  slack  screenings,  through  a  f-inch  shaking  screen, 
from  the  Hartshorne  bed  at  Hartshorne,  on  the  Rock  Island  Rail- 
road, were  designated  Indian  Territory  No.  2B,  and  a  part  of  this 
sample  was  used  in  briquetting  tests  135,  136,  137,  138,  139,  145, 
146,  147,  148,  149,  157,  and  168.  Steammg  tests  453  and  456  were 
made  of  the  briquets  from  briquetting  tests  137,  148,  and  157. 
Locomotive  steaming  tests  were  also  made  of  briquets  from  briquet- 
ting tests  148  and  149.  House-boUer  steaming  tests  were  made  of 
briquets  from  tests  148  and  157. 
92012°— Bull.  58—13 12 
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Bituminous  lump  coal,  over  1-inch  shaking  screen,  from  the  same 
locality  as  Indian  Territory  No.  2B  coal,  was  designated  Indian' 
Teirrtory  No.  2C,  and  a  part  of  the  sample  was  used  in  briquetting 
tests  153,  154,  155,  and  156.  No  steaming  tests  or  locomotive  or 
house-boiler  tests  were  made  of  briquets  from  this  sample. 

In  tests  135,  136,  137,  145,  146,  147,  148,  and  168,  with  Indian 
Territory  No.  2B  raw  slack  coal,  there  was  no  apparent  difference  in 
English  briquets  with  6,  7,  and  8  per  cent  of  binder.  A  small  lot  with 
5  per  cent  of  binder  showed  shortage  of  pitch.  The  pressure  on  the! 
machme  was  changed  during  the  maldng  of  Renfrow  briquets,  as 
indicated  in  the  results  of  the  tests.  All  briquets  were  satisfactory, 
having  sharp  edges,  hard  surfaces,  and  clean,  rough  fracture;  they 
could  be  handled  while  warm  from  the  machme  and  could  be  piled 
5  feet  high  without  sticking  together  or  crushing. 

Briquetting  tests  of  Indian  Territory  No.  2B  coal.o- 


Test 

No. 

135. 

136. 

137. 

145. 

146. 

147. 

148. 

168. 

Details  of  manufac- 
ture: 
Machine  used 

Briquetting  tem- 
perature (°F.).. 
Binder- 
Kind 

L  a  b  0  ratory 
No 

Englisli. 

185 

W.  G.  P. 

3258 

6 

11,000 
3.46 

English. 

185 

W.  G.  P. 

3258 

7 

22,000 

3.8S 

English. 

185 

W.  G.  P. 

3296 

S 

70, 000 
3.77 

English. 

185 
W.  G.  P. 

3486 
6 

16,000 
3. 53 

SI. 7 
18.3 

73.3 
26.7 

86.5 

145 
B 

16 
S.6 

1.62 

English. 

185 

W.  G.  P. 

3623 

16,000 
3.64 

82.8 
17.2 

79.8 
20.2 

85.6 

145 
A 

16 
10.2 

.72 

English. 

185 
W.  G.  P. 

3624 

8 

16,000 
3.43 

84.2 
15.8 

80.8 
19.2 

75.5 

145 
A 

16 
11.4 

.84 

Renfrow 

No.  1. 

149 

W.  G.  P. 

3486 

S 

19,400 
0.515 

58.5 
41.5 

81.0 
19.0 

95.4 

144 
B 

16 
12.9 

Renfrow 
No.  1. 

149 

W.G.P. 

3296 

8 

99,000 
0.508 

Amount, 

percent 

Weight  of— 

Fuel      bri- 
quetted.lbs 
Briquets,  av- 
erage, .lbs.. 
Drop  test   (1-inch 
screen): 

Tumbler  test  (1-inch 
screen): 

74.8 
25.2 

75. 0 

239 
f" 

Fines  through  10- 
mesh  sieve,  per 

Weathering  test: 
Time     exposed. 

239 

239 
B 

23? 

B 



Condition 

Absorption  tost: 

Time  immersed. 

Water  absorbed. 

Average  for  first 
13    days,    per 

Average  for  first  6 

1.7 
1.117 

Specific  gravity  (ap- 

1.151 

1.133 

1.076 

a  Raw  slack. 
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As  stated  above,  tests  138,  139,  149,  and  157  were  made  with 
Indian  Territory  No.  2B  washed  slack  coal,  and  tests  153,  154, 
155,  and  156  \vith  Indian  Territory  No.  2C  lump  coal.  Tests  138 
and  139  were  made  with  the  first  sample  sent  to  the  plant  and  tests 
149  and  157  with  the  second  sample.  Excellent  briquets  were  made 
with  8  per  cent  of  binder.  The  English  briquets  showed  the  advantage 
of  higher  pressure  by  being  harder  and  closer  grained  and  having 
smoother  surfaces  and  sharper  edges.  Similar  differences  marked  the 
superiority  of  these  briquets  over  those  made  from  the  same  slack 
unwashed. 

The  briquets  made  from  the  lump  coal  (Indian  Territory  No.  2B) 
may  be  considered  as  standing  in  value  between  those  made  from 
washed  and  those  made  from  unwashed  slack  from  the  same  mine; 
they  are  identical  in  appearance. 

Briquetting  tests  with  Indian  Territory  No.  2B'^  and  Indian  Territory  No.  20^  coal. 


Test  No. 


138. 

139. 

English. 

Renfrew 
No.  1. 

185 

149 

W.  G.  P. 

W.G.P. 

3624 

3296 

8 

8 

157. 


153. 


154. 


155. 


Details  of  ananufac- 
ture: 
Machine  used . . . 

Briquetting  tem- 
perature(°F.). 
Binder- 
Kind 

L  a  b  0  ratory 

No 

Amount, 

percent 

W-eight  of— 
Fuel     bri- 
quetted.lbs 
Briquets,  av- 
erage, lbs.. 
Drop  test  (1-inch 
screen): 
Held... per  cent.. 

Passed do 

Tumbler  test  (1-inch 
screen): 
Held... per  cent.. 
Passed  (flues), 

L        per  cent 

■    Fines  through  10- 
ir       mesh  sieve,  per 

cent 

Weathering  test: 
.     Time  exposed, 

days 

Condition 

Absorption  test: 
Time  immersed, 

days 

Water  absorbed, 

per  cent 

Average  for  first  5 

days,  percent.. 

Average  for  first 

12    days,     per 

cent 

Specific  gravity  (ap- 
parent)  


16,000 

20,000 

3.31 

0. 451 

88.9 
11.1 

60.0 
40.0 

85.0 

79.0 

15.0 

21.0 

79.5 

90.5 

128 
B 

127 
C 

19 

19 

9.6 

14.7 

1.20 

2.0 

1.097 

1.061 

Ilentrow 
No.  1. 

149 

W.G.P. 

3624 

8 

40,000 
0.476 


56.0 
44.0 


76.0 
24.0 

93.7 


149 
B 


19 
16.0 
2.26 


Englisli. 

185 

W.  G.  P. 

3624 


8,000 
3.34 


1.024 


85.5 
14.5 


82.5 
17.5 

78.1 


128 
A 


19 
10.3 
1.06 


1.096 


English. 

185 

W.  G.  P. 

3486 

6 

1,000 
3.11 


79.8 
20.2 


71.0 
29.0 


239 
C 


19 
12.6 


0.93 
1.070 


English. 

185 

W.G  P. 

3486 

7 

1,000 
3.19 


84.6 
15.4 


76.6 
23.4 

80.6 


239 
C 


19 
11.1 
1.34 


English. 

185 

W.G.P. 

3486 


1,000 
3.14 


a  Washed  slack. 


6  Lump. 


86.4 
13.6 


83.5 
16.5 


239 
C 


15 
10.2 
1.57 


Ren  fro  w 
No.  1. 

149 

W.G.P. 

3486 


8,000 
0.490 


70.0 
30.0 


81.5 
18.5 


182 
B 


19 
13.5 
1.84 
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Chemical  analyses  of  raw  fuel  and  briquets. 


Laboratory  No 

Proximate: 

Moisture per  cent 

Volatile  matter do. . 

FLxed  carbon do . . 

Ash do.. 

Sulphur do . . 

Ultimate: 

Hvdrogeu do. . 

Carbon do . . 

Nitrogen .- do. . 

Oxygen do . . 


Raw- 
fuel . 

Raw- 
fuel. 

Tests  135 
and  136. 

Test  137. 

3381 

3472 

3262 

3342 

3.77 

5.69 

3.61 

3.85 

32. 65 

32.45 

33.03 

34.06 

.^)1.  15 

48.76 

49.64 

49.36 

12.43 

13.10 

13.72 

12.73 

1.79 

1.67 

1.76 

1.71 

4.77 

4.53 

4.65 

4.54 

72.37 

72.05 

71.08 

73.17 

1.77 

1.80 

1.46 

1.61 

6.31 

5.96 

6.75 

5.66 

Tests  145, 

Test  139. 

146,  and 

147. 

3896 

3520 

2.80 

2.87 

35.67 

35.02 

53.77 

50.60 

7.76 

11.51 

1.58 

1.72 

4.91 

4.48 

75.63 

73.39 

1.52 

1.49 

8.33 

7.02 

Test  148.    Test  149. 


Laboratory  No 

Proximate: 

Moi.«ture 

Volatile  matter. 

Fixed  carbon . . . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


-  per  cent 

do.. 

do.. 

do.. 

do.. 


.do. 
.do. 
.do. 
.do. 


4.93 
76.11 
1.69 
7.11 


Extraction  analyses. 


Fuels. 

Briquets. 

Ind.  T. 
No.  2B. 

Ind.  T. 
N0.2C. 

Tests  135 
and  136. 

Test  137. 

Tests  138 
and  157. 

Test  139. 

Tests  145 

146,  and 

147. 

3381 
1.50 

..32 

3472 
3.80 

.41 

3262 
1.50 

4.72 

5.50 
12,317 

3342 

4108 
0.90 

6.04 

6.32 
13,562 

3896 
1.20 

7.58 

8.75 
13,541 

352( 
1.0( 

8.7) 

10.1! 
12,81 

Air-drving  loss per  cent . . 

Extracted  byCSoCas  received). 

6.32 

7.32 
12,481 

Pitch  in  briquet  by  analysis, 

Heat  value B .  t .  u . . 

12.400 

12.033 

Pitches. 

Briquets. 

Test  148. 

Test  149. 

Test  168. 

Laboratorv  No 

3624 

3296 

3486 

3258 

4086 
1.30 

6.00 

6.57 
13,412 

3559 
0.50 

6.40 

6.22 
13, 707 

334 

Extracted  by  CSj  (as  received), 
per  cent ....     .      . .        

89.60 

82.43 

85.57 

80.27 

8.8. 

10. 4< 
12,48 

Pitch  in  briquet  by  analysis, 

Heat  v^ue B.  t.  u. . 

16, 193 

16,427 

16,407 

16,373 

INDIAN  TERRITORY  NO.  3. 


A  sample  of  bituminous  nm-of-mine  coal  from  Edwards,  Ind.  T 
(now  Oklahoma),  on  the  Rock  Island  Railroad,  was  designatec 
Indian  Territory  No.  3,  and  a  part  of  the  sample  was  subjected  U 
briquetting  tests  at  the  St.  Louis  plant. 
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This  coal,  which  is  hard  and  glossy,  was  tested  on  the  English 
machine  with  8  per  cent  of  pitch  A.  The  mixture  made  fairly  good 
briquets,  which  were  clean  and  hard,  although  somewhat  porous, 
but  they  were  not  so  strong  as  was  desired.  This  defect  was  due  in 
part  to  lack  of  sufficient  heat  to  soften  the  pitch  thoroughly  in  the 
pug  mUl.  The  briquets  as  received  from  the  machine  weighed  6.56 
pounds  each.  With  7.2  per  cent  of  pitch  A,  this  coal  made  smooth 
and  fairly  hard  briquets,  which  weighed  6.71  pounds  each.  With 
6  per  cent  of  pitch  A,  briquets  were  made  that  were  smooth  and  well 
pressed,  but  soft.  These  averaged  in  weight  6.8  pounds  each.  If  the 
pitch  could  have  been  heated  in  the  English  machine  to  a  tempera- 
ture sufficiently  high  to  cause  it  to  soften  and  mix  with  the  coal  the 
mixture  would  undoubtedly  have  inade  a  good  briquet,  because  with 
a  soft  pitch,  as  pitch  D  or  pitch  H,  this  coal  could  be  briquetted  with 
6  per  cent  of  binder. 

Chemical  analysis. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. 

Moisture do . . . 

Volatile  matter do. . . 

Fixed  carbon do. . . 

Ash do... 

Sulphur do . . . 


Car 

samplo. 


1274 

1.20 
4.61 
37.00 
47.25 
11.14 
3.63 


Ultimate: 

Hydrogen per  cent. 

Carbon do . . . 

Nitrogen do.. . 

Oxygen do . . . 

Heat  value B.  t.  u. 


Car 
sample. 


4.62 

70.62 

1.55 

7.72 

12,319 


INDIAN  TERRITORY  NO.  6. 

A  sample  of  bituminous  slack  coal  from  Coalgate,  Ind.  T.  (now  Okla- 
homa), on  the  Missouri,  Kansas  &  Texas  Railway,  was  designated 
Indian  Territory  No.  6,  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  at  the  St.  Louis  plant. 

The  sample  consisted  of  a  carload  of  dirty  slack  which  contained 
considerable  fire  clay  and  some  shale.     Laboratory  expermients  had 
shown  that  7  per  cent  of  a  binder  of  the  quaUty  of  pitch  D  was  the 
minimum  that  could  be  expected  to  give  satisfactory  results.     Accord- 
ingly, 1  ton  of  this  coal  was  mixed  by  hand  with  7  per  cent  of  pitch 
«(D,  but  the  briquets  were  crumbly  and  not  at  aU  satisfactory,  although 
^  dense  and  well  pressed.     They  weighed  7.35  pounds  each.     They 
,were  full  of  gray  streaks  on  the  surface,  due  to  the  fii'c  clay,  and  on 
[standing  became  coated  with  a  heavy  gray  efflorescent  substance 
.which  was  found   to  be  calcium  sulphate.     Eggettes  of  tliis  same 
mixture  made  on  the  American  machine  were  practically  the  same 
in  character  and  unusually  dull  gray  in  appearance.     The  s])ecific 
'gravity  of  the  briquets  was  1.205.     When  tested  on  the  compression 
machine  these  briquets,  which  were  crumbly  and  weak  and  broke 
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easily  in  the  hands,  compressed  much  more  than  usual  before  break- 
ing. Their  crushmg  strength  was  5,600  pounds,  or  195  pounds  per 
square  inch.  Another  ton  was  tried  with  9  per  cent  of  pitch  D,  but 
the  briquets  were  practically  the  same  as  with  7  per  cent,  although  a 
Uttle  darker  in  color.  They  also  showed  similar  streaks  of  fire  chn- 
on  the  surface  and  their  fracture  was  decidedly  earthy.  They  weighed  I 
on  the  average  7.5  pounds  each.  There  seems  to  have  been  little 
adhesiveness  between  this  pitch  and  the  dirty  coal,  and  to  make  good 
briquets  mth  this  pitch  it  would  probably  be  necessary  to  use  as  much 
as  15  per  cent,,  if  not  more. 

Satisfactory  results  mth  soft  pitch  not  having  been  obtained,  1 
ton  of  the  slack  coal  was  tried  with  <S  per  cent  of  the  harder  pitch  A. 
The  briquets  were  well  pressed  and  blacker  than  those  with  7  per 
cent  of  pitch  D,  but  were  not  so  strong.  The  mixture  did  not  show 
any  tendency  to  stiiTen  in  the  machme.  All  of  the  tests  with  this  coal 
demonstrated  its  injurious  effect  on  the  bindmg  properties  of  the 
pitch. 

The  coal  was  next  tried  by  mixing  together  93  per  cent  of  coal,  6 
per  cent  of  rosin,  and  1  per  cent  of  quicklime.  The  lime  was  mLxed 
in  sizes  ranging  from  dust  to  pieces  three-fourths  of  an  inch  in  diameter, 
and  it  was  thought  that  the  lumps  would  be  reduced  b)^  the  disinte- 
grator and  the  lime  slaked  by  the  steam  of  the  pug  mill,  so  that  the 
cement  would  not  set  too  quickly.  The  disintegrator,  however,  had 
little  effect  on  the  hard  lime,  and  consequently  there  were  in  the 
briquets  many  large  unslaked  pieces,  which  caused  the  briquets  to 
fall  to  pieces.  Some  of  the  material  that  remamed  in  the  pug  mill 
for  some  time  gave  a  briquet  that  was  hard  while  hot,  but  after 
coolmg  became  earthy.  The  briquets  weighed  on  an  average  7 
pounds  each.  The  eggettes  made  of  this  material  were  dense  but 
crumbly. 

In  order  to  prevent  unslaked  lime  from  going  into  the  briquets, 
the  lime  before  being  used  was  slaked  with  one-half  its  weight  of 
water,  making  a  fine,  dr}'  powder.  This  was  mixed  %\dth  the  coal  to 
give  the  same  proportions  with  the  rosin  as  in  the  above  test,  and 
although  the  briquets  were  smooth  and  well  formed,  having  been 
thoroughly  pressed,  they  were  crumbly  and  not  at  all  strong.  They 
were  graj^ish  in  color  and  similar  in  quaUty  to  those  made  wdth  7  per 
cent  of  pitch  D.  They  weighed  on  an  average  7.5  pounds  each.  The 
eggettes  of  this  same  material  were  also  crumbly  and  dull  in  luster. 

Some  of  the  lime-rosin  briquets  were  burned  and  gave  less  smoke 
than  those  with  the  rosm  and  no  lime,  some  giving  even  less  than 
the  briquets  made  with  pitch  alone. 

Another  test  of  this  coal  was  made  with  rosm  and  Kansas  crude 
oil.  The  experiments  m  the  laboratory^  had  shown  that  the  best 
results  could  be  obtamed  by  using  6  per  cent  of  rosm  and  1  per  cent 
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of  the  oil.  In  preparing  this  combination  for  the  EngHsh  machine 
the  oil  was  first  mixed  with  five  times  its  weight  of  fine  coal,  so  as  to 
make  a  nonsticky  mass  that  would  readily  mix  with  the  cracked 
rosin  and  coal  in  the  usual  manner.  As  the  rosin  became  very  fluid 
at  212°  F.  the  hot  briquets  when  received  from  the  machine  had  no 
strength,  and  cracked  slightly  under  their  own  weight  when  piled 
only  two  high.  They  also  cracked  somewhat  because  of  the  water 
in  the  wet  steam.  On  cooling  the}'"  became  strong  and  were  of  good 
quahty.  Some  of  the  mixture  that  was  allowed  to  stand  in  the 
mold  until  cool  enough  to  be  "tacky"  before  pressing  was  good  as 
received  from  the  machine,  but  it  had  not  been  sufficiently  compacted. 
On  standing,  these  briquets  became  coated  with  a  heavy  brownish- 
gray  efilorescence.  The  weight  of  these  briquets  averaged  7.29 
pounds  each  and  their  specific  gravity  was  1.25.  The  crushing 
strength  of  the  briquets  was  on  the  average  6,400  pounds,  or  223 
pounds  per  square  inch.  On  account  of  the  lack  of  uniformity  of  the 
briquets,  however,  the  results  of  eight  tests  varied  from  4,300  to 
9,240  pounds.  The  eggettes  made  from  this  same  mixture  were  hard 
and  compact,  although  of  a  dull  color,  and  they  had  a  good  degree  of 
strength  as  received  from  the  machine.  With  an  arrangement  for 
coolmg  the  mass  after  it  had  passed  through  the  pug  mill  and  before 
being  fed  to  the  press  this  mixture  made  briquets  that  were  very 
good  physically,  but  smoked  rather  badly. 

As  the  above  tests  showed  that  the  best  way  to  counteract  the 
effect  of  the  large  amount  of  fire  clay  in  this  coal  was  to  add  some 
liquid  binder  that  would  soak  into  the  coal  and  at  the  same  time  unite 
with  the  solid  binder,  another  test  was  made  with  creosote  as  a 
hquid  binder  and  pitch  as  the  hard  binder.  For  this  purpose  Indian 
Territory  No.  6  coal  was  mixed  with  8  per  cent  of  pitch  G  and  1^ 
per  cent  of  creosote  such  as  is  used  in  preservmg  timber.  The 
creosote  and  five  times  its  weight  of  fine  coal  were  first  mixed 
together  and  then  thoroughly  mixed  with  the  cracked  pitch  and 
coal.  In  operating  the  machine  the  amount  of  steam  used  for 
heating  the  mixture  was  gradually  increased  until  there  was  an 
excess.  This,  however,  had  no  effect  upon  the  cooled  briquets, 
but  it  made  the  hotter  ones  more  tender  and  a  little  harder  to  handle. 
The  first  briquets  of  this  mixture  cracked  a  little,  because  of  excess 
of  water,  but  the  remainder  cam.^  from  the  machine  strong  enough 
to  bear  handling  at  once.  The  effect  of  the  excess  of  steam  was  to 
insure  more  complete  softening  of  the  pitch  and  more  uniform  mix- 
ing of  the  clay.  The  briquets  were  black  and  clean  and  only  slightly 
streaked  with  the  clay.  When  piled  they  stuck  together  slightly, 
and  were  mottled  a  little  from  the  creosote.  However,  they  showed 
much  less  of  the  gray  efflorescent  substance  than  any  of  the  Indian 
Territory  No.  6   briquets   and  were   also   the  best  made,  although 
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earthy.  They  were  smooth  and  black,  and  although  crumbling 
little  or  not  at  all  in  handling,  they  would  crumble  a  great  deal  on 
breaking  or  firmg.  On  the  other  hand,  the  eggettes,  made  of  this 
same  mixture  on  the  American  machine,  were  just  as  strong  and 
would  need  no  breaking  in  firmg.  The  weight  of  the  briquets  was 
7.25  pounds  each  on  an  average.  Their  specific  gravity  was  1.215 
and  their  crushing  strength  was  6,500  pounds,  or  226  pounds  to  the 
square  inch. 

Another  test  with  the  Indian  Territory  No.  6  coal  was  made  with 
asphalt  B5,  which  during  the  cool  weather  had  become  hard  enough 
to  crack,  and  thus  could  be  readily  used  on  the  English  machine. 
One  ton  of  this  coal  with  8  per  cent  of  asphalt  made  soft  briquets 
that  were  hard  to  handle  while  warm,  especially  when  they  con- 
tained moisture  due  to  the  wet  steam.  The  better  ones  were  com- 
pact, heavy,  and  tough,  and  although  they  had  an  earthy,  oily 
appearance,  did  not  crack  when  struck  a  severe  blow.  They 
would  stand  rough  handling,  but  would  be  improved  with  a  small 
percentage  of  rosm.  The  briquets  weighed  7.12  pounds  each,  and 
had  a  specific  gravity  of  1.22.  Their  crushing  strength  was  very 
low,  averaging  3,200  pounds,  or  111  pounds  per  square  inch.  It 
varied  from  1,800  to  5,100  pounds.  In  making  the  compression  tests 
the  briquets  yielded  a  great  deal  before  breakmg. 

A  sample  of  pitch  H  was  tried  with  the  Indian  Territory  No,  6 
coal.  The  best  results  were  obtained  with  this  as  a  binder.  One 
ton  of  coal  was  mixed  with  8  per  cent  of  pitch  H,  and  with  nearly 
dry  steam  and  good  pressure  the  mixture  made  hard,  compact 
briquets.  Although  somewhat  earthy,  they  would  stand  rough 
handling.     Their  average  weight  was  7.27  pounds  each. 

Proximate  analysis. 


I^aboratory  No 

Air-drying  loss per  cent 

Moisture do.. 

Volatile  matter do. . 


Car 
sample. 


1596 

3.50 

8.03 

31.28 


Fixed  carbon per  cent. 

Ash do... 

Sulphur do. . . 


Car 
sample. 


41.40 
19.29 
3.20 


INDIAN  TERRITORY  NO.  9. 


Semibituminous  run-of-mine  coal  from  Panama,  on  the  Kansas 
City  Southern  Railroad,  was  designated  Indian  Territory  No.  9,  and 
a  part  of  the  sample  was  used  in  briquetting  test  167.  Steaming 
test  450  was  made  of  the  briquetted  fuel. 

Excellent  briquets  were  made  with  7  per  cent  of  pitch,  a  quantity 
that  might  be  reduced  if  more  pressure  were  used.     The  briquets 
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were  hard,  with  smooth  surfaces  and  glossy,  clean  fracture;  they 
were  easily  handled  while  hot  from  the  machine,  but  became  some- 
what brittle  when  cold. 

Briquetting  test. 


Test  167. 

Test  167. 

Size  as  used: 

Over  \  inch per  cent . . 

jV  inch  to  i  inch do 

^i^inch  to^V  inch do 

..»5  inch  to  ^\  inch do 

Through  ^^  inch do 

Details  of  manufacture: 

Machine  used 

0.8 

3.6 

12.6 

25.2 

57.8 

Renfrow  No.  1. 
176 

W.  G.  P. 
4120 

7 

70,000 
0.459 

Drop  test  (1-ineh  screen): 

Held percent.. 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve, 

62.5 
37.5 

82.5 
17.5 

93.0 

Briquetting  temperature .  °F . . 
Binder- 
Kind.... 

Weather  test: 

Time  exposed days. . 

Condition 

31 
B 

Laboratory  No 

Absorption  test: 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted.  .pounds. . 
Briquets,  average. .  .do 

Time  immersed 

Water  absorbed 

Average  for  first  4  d 

Specific  gravity  (ap] 

days.. 

percent.. 

ays do 

Darent). 

18 
16.6 
2.62 
1.090 

Chemical  analyses  of  coal  and  briquets. 

Car 
sample. 

Test  167. 

4020 

5.11 
13.65 
73.21 
8.03 
1.18 

4.30 

82.59 

1.69 

1.72 

4325 

Proximate: 

percent.. 
do 

3.39 

17.15 

do.... 

72.04 

Ash    ..            

do... 

7.42 

do.... 

1.15 

Ultimate: 

do.... 

4.23 

do.... 

82.89 

..  .do.... 
....do.... 

1.61 

2.40 

Extraction  analyses. 

Pitch. 

Fuel. 

Briquets. 

Ind.  T. 
No.  9. 

Test  167. 

4120 

4020 

4.50 

.48 

4325 

nercent.. 

0.90 

Extracted  by  CSj  (as  received).... 

Pitch  in  briquet  by  analysis 

Heat  value 

do.... 

do.... 

97.70 

6.14 
5.83 

B.t.u.. 

17,060 

13,662 

14,103 

IOWA 

NO.  4. 

A  sample  of  bituminous  coal,  over  If-iixch  screen,  from  Center- 
ville,  Appanoose  County,  on  the  Chicago,  Burlington  &  Quincy  Rail- 
road, and  four  other  railroads,  was  designated  Iowa  No.  4,  and  a 
portion  of  the  sample  was  subjected  to  briquetting  tests  at  the  St. 
Louis  plant. 

One  ton  of  this  coal  was  briquetted  with  7  per  cent  of  pitch  E. 
;  The  briquets  were  well  pressed  and  of  a  grayish  color,  but  on  cooluig 
crumbled  decidedly.     They  weighed  6.73  pounds  each.     As  they  did 
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not  contain  an  excess  of  pitch,  7  tons  more  of  this  coal  was  briquet - 
ted  with  8  per  cent  of  pitch  E,  in  order  to  have  a  sufficient  quantity 
for  a  steaming  test.  The  resultant  briquets  were  bluish  black  in  color, 
but  were  not  quite  hard  enough,  although  fairly  strong;  they  would 
stand  considerable  rough  treatment  in  transportation.  In  burning 
they  held  together  until  consumed.  They  weighed  on  an  average 
6.77  pounds  each.  The  eggettes  made  from  this  same  mixture  were 
stronger  than  the  briquets,  had  a  polished  surface,  but  were  very 
bro\^^l  in  color.  In  the  cookstove  they  burned  satisfactorily,  crum- 
plmg  little  untU  consumed.  The  steaming  test  made  of  these  briquets 
gave  considerably  better  results  than  the  original  coal,  iadicatiog 
that  the  coal  had  been  much  improved  by  briquetting. 


Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Briquets. 

Car 
sample. 

Briquets. 

1437 

1488 

Proximate: 

Hydrogen. . . 

...per  cent.. 

4.(i7 

4.81 

Air-drvingloss. 

.percent. . 

4.50 

3.90 

Carbon 

...     ..do.... 

68. 07 

69.25 

Moisture 

....do.... 

14.08 

13.24 

Nitrogen 

do... 

1.05 

.86 

Volatile  matter 

...do.... 

35.59 

36. 50 

Oxvgen 

do.... 

8.49 

6.28 

Fixed  carbon . . 

....do.... 

39.37 

37.85 

Heat  value 

B.  t.u.. 

10,723 

10,885 

Ash 

....do.... 

in.  96 

12.41 

Sulphur 

....do.... 

4.2fi 

3.90 

KANSAS  NO.  2. 

A  sample  of  bituminous  lump  and  nut  coal  from  Yale,  Crawford 
County,  on  the  Missouri  Pacific  Railroad,  was  designated  Kansas 
No.  2,  and  a  part  of  the  sample  was  subjected  to  briquetting  tests  at 
the  St.  Louis  plant. 

Two  tons  of  this  coal  was  briquetted  with  11  per  cent  of  pitch  X. 
The  pitch  of  the  mixture,  in  passing  through  the  machine  from  the 
pug  mill  to  the  press,  set  so  quickly  that  the  briquets  did  not  receive 
the  necessary  pressure.  The  surface  was  rough,  and  a  gi-eat  many 
cracks  developed.  No  more  of  this  coal  was  available  for  briquet- 
ting after  the  receipt  of  pitch  of  the  better  qualities.  It  is,  however, 
a  coal  that  will  briquet  very  readily  with  pitch  of  the  better  gi-ades, 
such  as  pitch  D  or  pitch  H.  About  7  per  cent  of  either  would  be 
required  for  commercial  briquets. 

Chemical  analysis. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent 

Moisture do. . 

Volatile  matter do. . 

Fixed  carbon do.. 

Ash do. . 

Sulphur do. . 


Car 
sample. 


1122 

2.00 
4.18 
31.23 
46.68 
17.91 
6.27 


Ultimate: 

Hydrogen per  cent 

Carbon do.. 

Nitrogen do. . 

Oxygen do. . 

Heat  value B.  t.  u 


Car 
sample. 


4.41 
64.58 


4.82 
11,642 
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KANSAS  NO.  2B. 

Bitiiminous  slack  coal,  from  the  lower  Weir-Pit tsburg  bed  at  Yale, 
Crawford  County,  was  designated  Kansas  No.  2B  and  was  used  in 
briquetting  tests'^  182,  183,  194,  195,  199,  203,  and  204.  The  briquets 
were  used  in  steammg  tests  487,  488,  and  495,  and  in  locomotive  and 
house-boiler  steaming  tests. 

In  tests  182,  183,  and  199  raw  slack  was  used  as  folloW'S:  Over  one- 
fourth  inch,  1  per  cent;  one-tenth  inch  to  one-foiu-th  inch,  4.8  per  cent; 
one-twentieth  inch  to  one-tenth  inch,  12.6  per  cent;  one-fortieth 
inch  to  one- twentieth  inch,  23.6  per  cent;  through  one-fortieth  inch, 
58  per  cent.  The  briquets  showed  the  same  characteristics  as  those 
made  from  washed  coal,  except  that  they  were  harder  when  cold,  and 
had  a  harder  and  rougher  fracture,  owing  to  high  ash  content. 

In  tests  194,  195,  203,  and  204  washed  slack  was  used  as  follows: 
Over  one-fourth  inch,  0.8  per  cent;  one-tenth  inch  to  one-fourth  mch, 
.4.8  per  cent;  one-twentieth  inch  to  one-tenth  inch,  12.6  per  cent; 
one-fortieth  inch  to  one-twentieth  inch,  21.4  per  cent;  through  one- 
fortieth  inch,  60.4  per  cent.  Satisfactory  English  briquets  were  made 
with  7  per  cent  of  binder,  and  satisfactory  Renfrow  briquets  with  8 
and  9  per  cent  of  binder,  there  bemg  no  apparent  difference  m  these 
two  kinds.  Briquets  with  either  had  smooth  outer  surfaces,  were  well 
molded,  with  sharp  edges,  clean,  rough  fracture,  and  did  not  break 
in  handling  while  w^arm.  After  the  briquets  became  cold  those  with 
9  per  cent  of  binder  showed  less  effect  of  abrasion  than  those  with  8 
per  cent  of  binder.     Renfrow  briquets  showed  deficiency  of  pressure. 

Briquetting  tests. 


From  raw  slack. 

From  washed  slack. 

Test  182. 

Test  183. 

Test  199. 

Test  194. 

Test  195. 

Test  203. 

Test  204. 

Details  of  manufacture: 

Machine  used 

(a) 
158 

W.G.  P. 
4543 

7 

40,000 

3.95 

89.1 
10.9 

85.2 
14.8 

71.6 

12 
B 

19 
9.2 

1.15 
1.198 

C) 

149 

W.G. P. 

4543 

7 

40,000 

0.482 

69.0 
31.0 

91.0 
9.0 

94.7 

12 
A 

19 
12.6 

1.95 
1.170 

(6) 
149 

W.  G.  P. 

4683 

8 

68,000 

0.455 

61.0 
39.0 

88.5 
11.5 

97.5 

(a) 
176 

W.G.  P. 

4543 

7 

12,000 

3.65 

84.9 
15.1 

80.8 
19.2 

87.2 

4 
A 

13 

8.7 

1.35 
1.122 

(«) 
176 

W.G.  P. 

4683 
7 

24,000 

3.61 

81.4 
18.6 

83.5 
16.5 

74.6 

3 
A 

13 
9.7 

1.43 
1.105 

149 

W.G.  P. 

4683 
8 

16,000 

0.441 

64.0 
36.0 

84.5 
15.5 

94.7 

(*) 

Temperature  of  briquets,"  F. 
Binder — 

Kind 

149 

W.G.  P. 
4683 

Amount,  percent 

Weight  of— 

Fuel  briquetted,  pounds 

Briquets,    average, 

pounds 

9 
24,000 
0.417 

Drop  test  (1-inch  screen): 

Held,  per  cent    

52.5 

Passed,  per  cent 

47.5 

Tumbler  test  (1-inch  screen): 
Held,  per  cent 

80.5 

Passed  (fines),  per  cent 

Fines     through      10-mesh 
sieve,  per  cent 

19.5 
94.3 

Weathering  test: 

Time  exposed,  days 

.   ... 

Absorption  test: 

Time  immersed,  days 

Water  absorbed,  per  cent. . . 

Average  for  first  4  days,  per 

cent 

Specific  gravity  (apparent) 

13 
12.4 

2.23 
1.143 

13 
13.6 

2.50 
1.044 

13 
12.9 

2.23 
1.098 

a  English. 


6  Renfrew  No.  1. 
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Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 


Raw 
fuel. 


Test  182.    Test  183.    Test  199 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon . . . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen........ 

Oxygen 


.per  cent. 

do... 

do... 

do... 

do... 


-do. 
-do. 
-do. 
-do. 


4361 

8.01 
26.39 
45.22 
20.38 

4.70 

4.15 

63.62 

1.13 

3.83 


4518 
9.53 


10.87 
3.80 


4374 

9.43 
29.71 
4;?.  67 
17.19 

4.15 

4.28 

66.12 

1.03 

5.01 


4380 

4.64 
28.40 
46.56 
20.40 

4.49 

5.03 

64.05 

1.20 

3.62 


Test  194. 

Test  195. 

Test  203. 

4422 

4660 

4654 

7.64 

4.23 

2.89 

32.49 

32.64 

33.04 

51.52 

53.57 

52.26 

8.35 

9.56 

11.81 

3.60 

3.36 

3.84 

4.61 

4.81 

4.32 

74.58 

76.20 

72.13 

1.25 

1.20 

1.09 

6.62 

4.34 

6.33 

Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon . . . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon . . . , 

Nitrogen 

Oxygen 


.percent. 

do... 

do... 

do... 

do... 


.do., 
.do., 
.do., 
.do.. 


Extraction  analyses. 


Fuel. 


Car 
sample. 


Raw- 
fuel. 


Briquets. 


Test  182.    Test  183.    Test  199 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSs  (as  received). 
Pitch  in  briquet  by  analysis — 
Heat  value 


.percent.. 

do.... 

do.... 

..B.  t.u.. 


4361 
6.60 
0.47 


4518 
8.20 
0.54 


10,640 


13,243 


4374 
7.00 
6.62 
6.21 
11,043 


4380 
3.00 
6.78 
6.36 
11,221 


Briquets. 

Test  194. 

Test  195. 

Test  203. 

Test  204. 

4543 

4683 

4422 
6.20 
6.70 
6.30 
12.841 

4660 

4654 

4655 

Air -drying  loss                               percent.. 

Extracted  by  CSs  (as  received) do 

99.66 

89.31 

6.60 

6.83 

12. 982 

7.02 

7.30 

13.012 

7.83 
8.21 

Heat  value .' B.  t.  u.. 

16,969 

16,637 

13,104 

KENTUCKY  NO.  1. 

A  sample  of  bituminous  run-of-mine  coal  from  Straight  Creek, 
Bell  County,  on  the  Louisville  &  Nashville  Railroad,  was  designated 
Kentucky  No.  1 ,  and  a  part  of  the  sample  was  subjected  to  briquetting 
tests  at  the  St.  Louis  plant. 

This  is  a  good  coking  coal,  unusually  light  m  weight  and  lustrous. 
In  passing  through  the  disintegrator  it  was  ground  a  Httle  too  fine, 
even  when  only  one  side  of  the  machine  was  used.  Furthermore, 
on  account  of  its  light  weight  it  was  difficult  to  obtain  the  right 
pressure  on  the  English  machine.     The  coal  was  tested  with  6  per 
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cent  of  pitch  D,  the  briquets  being  clean  and  black,  but  not  sufficiently 
pressed  to  fill  all  the  pores.  They  were,  however,  good  briquets, 
and  would  stand  rough  treatment  in  transportation.  They  stood 
weathering  with  little  change.  They  weighed  on  an  average  6.15 
pounds  each.  The  eggettes  made  from  the  mixture  were  smooth 
and  lustrous  and  as  strong  as  any  eggettes  made  on  the  American 
machine.  In  the  cookstove  they  burned  satisfactorily  without 
disintegrating  or  giving  off  an  excess  of  smoke.  This  coal  can  be 
briquetted  readily. 

Chemical  analysis. 


Car 
sample. 

Car 
sample. 

Laboratory  No 

1474 

1.20 
3.10 
36.12 
56.39 
4.39 
1.22 

Ultimate: 

Hydrogen per  cent . . 

Carbon do 

Nitrogen do 

Oxygen do 

Heat  value B.  t.  u. . 

Proximate: 

Air-drying  loss per  cent. . 

Moisture do 

Volatile  matter do  — 

Fixed  carbon do 

Ash do 

Sulphur do 

5.25 

79.85 

1.89 

7.22 

14, 148 

KENTUCKY  NO.  2. 

A  sample  of  bituminous  coal,  over  |-inch  screen,  from  Earlington, 
Hopkins  County,  on  the  Louisville  &  Nashville  Railroad,  was  desig- 
nated Kentucky  No.  2,  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  on  both  the  English  and  the  American  machines 
at  the  St.  Louis  plant. 

As  none  of  the  good  pitches  was  available  at  the  time  this  coal 
was  tested,  it  was  briquetted  on  the  English  machine  with  9  per  cent 
of  pitch  E,  the  necessary  percentage  as  determined  by  laboratory 
work.  Three  tons  of  this  coal  was  tested.  The  briquets  were 
extremely  pitchy,  and,  on  account  of  excessive  water  due  to  wet 
steam,  were  difficult  to  handle,  and  when  piled  three  or  four  deep 
crushed  under  their  own  weight.  With  dry  steam  the  briquets 
were  more  easily  handled.  Although  somewhat  plastic,  they  did 
not  crush  when  piled.  On  cooling,  the  briquets  were  hard,  with 
lustrous  fracture,  and  were  capable  of  standing  a  great  deal  of  rough 
handling.  They  weighed  on  an  average  6.83  pounds  each.  The 
eggettes  made  of  the  mixture  were  hard,  but  almost  too  brittle.  In 
the  cookstove  the  eggettes  burned  satisfactorily. 

The  coal  was  tested  with  8  per  cent  of  pitch  E,  3^  tons  of  coal 
being  used  and  the  briquets  being  given  the  greatest  pressure  possible 
on  the  English  machine.  As  the  coal  is  hard,  and  as  only  one  side  of 
the  disintegrator  was  used,  there  were  many  large  pieces  of  coal  in 
the  briquets,  but  there  were  also  sufficient  small  pieces  to  fill  in  all 
the  openings  between  the  larger  fragments.  This  is  nearly  an  ideal 
condition  for  briquetting  on  the  English  machine.  The  })riquets 
were  bluish  black  and  excellent  in  every  way.     They  did  not  have 
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the  glossy  or  lustrous  fracture  of  the  briquets  containing  9  per  cent 
of  pitch,  but  they  were  a  better  commercial  briquet  and  were  more 
easily  handled  when  taken  from  the  machine.  With  pitch  of  the 
quality  of  pitch  D  or  pitch  H,  5  to  6  per  cent  would  make  a  good 
briquet.  The  briquets  tested  would  stand  much  rough  treatment 
in  transportation.  They  did  not  disintegrate  in  burning,  nor  was 
there  much  slack  formed  in  breaking  them  for  burning.  They 
weighed  on  an  average  6.83  pounds  each  and  had  a  specific  gravity 
of  1.13,  as  compared  with  1.37  for  the  slack  or  fine  coal.  The  slack 
that  was  used  in  making  the  briquets  contained  18  per  cent  of  ash, 
but  the  lump  coal  contained  only  1 1  per  cent  of  ash.  The  crushing 
strength  of  the  briquets  was  11,300  pounds,  or  394  pounds  per 
square  inch. 

The  results  of  the  steaming  test  of  the  briquets  showed  that  the 
briquets  have  no  greater  efficiency  than  the  original  coal. 

The  eggettes  made  from  this  same  mixture  were  stronger  and 
better  than  those  made  with  9  per  cent  of  pitch,  although  not  so 
hard.  They  were  also  browner  in  color.  The  eggettes  were  not  so 
strong  as  the  briquets. 

Chemical  analyses  of  coal  and  briquets. 


Briquets. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. . 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

Ultimate: 

Hydrogen do 

Carbon , do 

Nitrogen do 

Oxvgen do 

Heat  value B.t.u... 


1544 

3.30 
7.11 
37.07 
44.31 
11.51 
3.71 

4.50 

69.99 

1.28 

7.84 

11,878 


KENTUCKY  NO.  2B. 

Coke  breeze  from  Earlington,  Hopkins  County,  on  the  Louisville  & 
Nashville  Railroad,  was  designated  Kentucky  No.  2B,  and  one  part 
of  the  sample  was  used  in  briquetting  test  102,  and  another  part 
mixed  with  Illinois  No.  20  coal  was  used  in  briquetting  tests  103  and 
104.  No  chemical  analyses  were  matle  for  briquetting  test  102. 
Briquetting  tests  103  and  104  are  included  under  the  discussion  of 
lUmois  No.  20. 

In  test  102  the  size  of  the  coal  as  used  was  as  follows:  Over  one- 
fourth  inch,  10.25  per  cent;  one-tenth  inch  to  one-fourth  inch,  31  per 
cent;  one-twentieth  inch  to  one-tenth  inch,  18.75  per  cent;  one- 
fortieth  inch  to  one-twentieth  inch,  18.55  per  cent;  through  one- 
fortieth  incii,  21.45  per  cent.     The  English  machine  was  used,  the 
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temperature  of  the  briquets  being  179.6°  F.  A  coal-tar  pitch  and  a 
water  gas  pitch  binder  were  used,  the  proportions  being  6  and  7  per 
cent.     Twenty-five  tons  of  fuel  was  briquetted. 

The  briquets  were  soft  when  hot,  but  on  cooling  were  hard  enough 
to  stand  handling.  Various  mixtures  made  no  apparent  difference. 
All  briquets  showed  coarse  structure  and  were  easily  fractured. 
Attempted  boiler  tests  were  discontinued,  owing  to  difficulty  in 
maintaining  steam.  Broken  briquets  burned  better  than  whole 
ones.  For  pitch  analyses,  see  laboratory  Nos.  2729,  27.35,  and  2748. 
All  of  these  briquets  were  sent  to  the  Big  Four  Railway  Co.  for  pre- 
liminary locomotive  test.     The  results  were  unsatisfactory. 

MARYLAND  NO.  2. 

Bituminous  run-of-mine  coal  from  the  Big  Vein,  or  Pittsburgh  bed, 
one-half  mUe  west  of  Lord,  Allegany  County,  on  the  Baltimore  & 
Ohio  Railroad,  was  designated  Maryland  No.  2  and  a  part  of  the 
sample  was  used  in  briquetting  tests  191,  192,  193,  and  231. 

In  tests  191,  192,  193,  and  231  the  size  of  coal  used  was  as  follows: 
Over  one-fourth  inch,  2.2  per  cent;  one-tenth  inch  to  one-fourth  inch, 
9.8  per  cent;  one-twentieth  inch  to  one-tenth  inch,  26  per  cent;  one- 
fortieth  inch  to  one-twentieth  inch,  28.2  per  cent;  through  one- 
fortieth  inch,  33.8  per  cent.  Various  proportions  of  binder  (5,  6,  and 
7  per  cent)  made  equally  good  briquets  on  the  English  machine.  The 
briquets  had  smooth,  firm  surfaces,  characteristic  glossy  fracture,  and 
sharp  edges.  Renfrow  briquets  were  satisfactory,  but  owmg  to  faulty 
operation  in  the  heater  the  best  results  were  not  obtained.  Excel- 
lent briquets  can  be  made  from  this  coal  with  5  per  cent  of  binder. 

Briquetting  tests. 


Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F. 

Binder — 

Kind 

Laboratory  No 

Amount per  cent. 

Weight  of — 

Fuel  briquetted pounds. 

Briquets,  average do. . . 

Drop  test  (1-inch  screen): 

Held per  cent. 

Passed do. . . 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed  (fines) do... 

Fines  through  10-mesh  sieve do. . . 

Weathering  test: 

Time  exposed days. 

Condition 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days do.. . 

Specific  gravity  (apparent 


Test  No. 


English. 
185 

W.  G.  P. 

4543 

5 

4,oon 

3.35 

75.9 
21.1 

74.0 
26.0 
75.6 

5 
A 

19 

11.9 

1.45 

1.118 


192. 


English. 
185 


W.  G.  P. 
4543 


4,0(X) 
3.32 

79.3 
20.7 

78.2 
21.8 

77.8 

5 
A 

19 

15.6 

1.85 

1.076 


193. 


English. 
185 

W.  G.  P. 

4543 

7 

4,0(M) 
3.47 

82.5 
17.5 

80.2 
19.8 
63.0 

5 
A 

19 

10.5 

1.30 

1.143 


231. 


Renfrow  No.1. 
131 

W.  G.  P. 

4806 
8 

17,000 
0.  ioA 

24.0 
76.0 

66.5 
33.5 
85. 0 


19 
14.4 
2.25 
1.071 
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Chemical  analyses  of  coal  and  briquets. 


Tests 

Raw  fuel. 

191,192, 

and  193. 

4335 

4415 

2.35 

6.83 

16.97 

19.71 

72.53 

60.01 

8.15 

7.  45 

.76 

.86 

4.44 

4.33 

82.18 

81.52 

1.48 

1.79 

2.77 

3.44 

Test  Zn. 


Laboratory  No - 

Proximate: 

Moisture per  cent. 

Volatile  matter do. . . 

Fixed  carbon do... 

Ash do. . . 

Sulphur do. .. 

Ultimate: 

Hydrogen do. . . 

Carbon , do. . . 

Nitrogen do. . . 

Oxygen do. . . 


4767 

4.21 
20.71 
68.54 

6.54 
.94 

4.61 

83.26 

1.64 

2.68 


Extraction  analyses. 


Pitches. 


Fuel. 


Mary- 
land 

No.  2. 


Briquets. 


Tests 
191,192, 
and  193. 


Test  231. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSj  (as  received). 
Pitch  in  briquet  by  analysis — 
Heat  value 


.per  cent. 

do... 

do... 

..B.t.u. 


99.66 
16,' 969' 


4806 


96.90 
'i6,'864' 


4335 
1.80 
.20 


14,173 


4415 
6.00 
5.42 
5.25 
13, 581 


4767 
3.40 
7.61 
7.69 
14,098 


MISSOTJRI  NO.  1. 

A  sample  of  bituminous  nm-of-mine  coal  from  New  Home,  Bates 
County,  on  the  Frisco  system,  was  designated  Missouri  No.  1,  and  a 
part  of  the  sample  was  subjected  to  briquetting  tests  on  the  English 
machine  at  the  St.  Louis  plant. 

At  the  time  this  coal  was  tested  only  the  hard  pitch  was  available. 
Two  and  a  half  tons  of  this  coal  that  had  previously  been  washed  was 
briquetted  with  11.5  per  cent  of  pitch  A.  The  briquets  were  black 
in  color  and  sufficiently  hard  to  stand  rough  handling,  but  on  account 
of  the  pitch  setting  too  quickly  they  were  insufficiently  pressed  and 
were  gi-anular  and  porous.  This  coal  will,  however,  briquet  very 
readily,  and  with  softer  pitches,  as  pitch  D  and  pitch  H,  will  make  a 
good  briquet  with  about  6  to  7  per  cent  of  binder. 

The  briquets  were  tested  under  the  boiler. 

Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 

Briquets. 

Laboratory  No 

1126 

5.00 
8.33 
33.58 
38.73 
19. 36 
5.25 

4.41 

62.18 

1.03 

5.  53 

10,586 

1206 

Proximate: 

.\ir-drving  loss 

per  cent.. 

2.90 

Moi.sture 

do 

6.38 

Volat ile  matter 

do.... 

37.  (iO 

Fixed  carbon 

do.... 

41.85 

Ash 

do... 

14.17 

Sulphur 

do.... 

4.56 

Ultimate: 

Hydrogen 

do.... 

4.63 

Carbon 

do    . 

68.52 

Nitrogen 

.  .do.... 

1.16 

Oxygen 

do.... 

5.09 

Heat  value 

.  B.  t.  u.. 

11,867 
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MISSOURI  NO.  10. 

Bituminous  screenings,  thi'ough  a  f-inch  shaking  screen,  from  the 
Bevier  bed  at  Bevier,  Macon  County,  on  the  Cliicago,  BurUngton  & 
Quiiicy  Raih'oad,  were  designated  Missouri  No.  10,  and  a  part  of  the 
sample  was  used  in  briquetting  tests  178,  179,  241,  245,  and  246. 

In  tests  178,  179,  241,  245,  and  246  the  size  of  coal  used  was  as 
follows:  Over  one-fourth  inch,  3  per  cent;  one-tenth  inch  to  one- 
fourth  inch,  10.2  per  cent;  one-twentieth  inch  to  one-tenth  inch,  17,2 
per  cent;  one-fortieth  inch  to  one-twentieth  inch,  21.2  per  cent; 
through  one-fortieth  inch,  48.4  per  cent.  Equally  satisfactory 
briquets  were  made  with  7  and  8  per  cent  of  binder  on  the  English 
machine,  and  8  and  9  per  cent  on  the  Renfrow  machine.  The  large 
amount  of  clay  present  made  the  briquets  soft  when  warm,  but  very 
hard  when  cold,  if  the  fuel  was  worked  with  high  moisture  content. 
Tests  178  and  179  were  made  of  coal  from  the  same  car  and  under 
greater  pressure  than  in  other  tests.  The  briquets  from  the  two  tests 
were  harder,  more  cohesive,  and  made  less  slack  in  handling.  All  the 
briquets  had  rough  surfaces  and  broke  with  ragged  fracture.  They 
were  of  a  dull-gray  color,  owing  to  the  amount  of  clay  present. 

Briquetting  tests. 


Test  No. 

178. 

179. 

241. 

245. 

246. 

Details  of  manufacture: 

Renfrow  No.  1. 

170 

W.  (J.  P. 

4543 

8 

42,000 

0. 470 

80.5 
19.5 

94.0 
0.0 

99.0 

19 
B 

19 

14.5 

1.94 

English. 
185 

W.  G.  P. 

4543 

7 

5,000 

4.43 

03.3 
36.7 

90.9 
9.1 

80.9 

19 
C 

19 

7.6 

Renfrow  No.  1. 
149 

W.  G.  P. 

4800 
9 

66,000 

0.481 

73.0 
27.0 

91.5 
8.5 

95.0 

Renfrow  No.  1. 
149 

W.  G.  P. 

4879 
8.5 

170,000 

0.523 

58.0 
42.0 

87.0 
13.0 

90.3 

English. 

Briquetting   tempera- 
ture  °F.. 

Binder- 
Kind  

149 
W.  G.  P. 

Laboratory  No 

Amount. per  cent. . 

Weight  of— 

Fuel     briquetted. 

4879 
8 

10,000 

Briquets,  average, 

3.91 

Drop  test  (1-innh  screen): 

Held percent.. 

Passed do 

Tumbler  test  (1-inch  screen) : 

Held per  cent. - 

Passed  (fines)... do — 

Fines  through  10-mesh 

sieve percent.. 

Weathering  test: 

T  ime  exposed ...  days . . 

64.4 
35.6 

04.2 
35.8 

50.0 

Absorption  test: 

Time  immersed. days. . 
Water    a  1)  so  r  bed, 
per  cent 

13 
9.0 

1.54 

13 
13.1 
2.24 

13 
6.6 

Average  for  first  5  days, 

1.12 

Average  for  first  2  days, 

2.2 
1.238 

Specific  gravity  (apparent) . 

1.172 

1.207 

1.108 

1.248 
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Chemical  analyses  of  coal  and  briquets. 


Raw 

fuel. 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen... 

Oxygen 


.percent.. 

do.... 

do.... 

do.... 

do.... 


.do.... 
-do.... 
.do.... 
.do.... 


4257 

15.23 
26.32 
37.95 
20.50 
3.69 

3.93 

58.28 

.99 

8.27 


Raw 

fuel. 


4803 

14.10 
27.64 
37.02 
21.24 
4.56 

3.88 

56.06 

1.01 

9.01 


Test 
178. 


4515 

11.03 
32.24 

38.67 
18.06 
3.72 


Test 
179. 


4362 

4.51 
35.53 
41.37 
18.59 

3.90 

4.34 

64.29 

.91 

6.91 


Test 
241. 


4898 

8.91 
31.81 
38.17 
21.11 

4.49 

4.16 

60.16 

.84 

6.73 


Test 
245. 


4876 

7.79 
31.  46 
39.87 
20.88 

4.66 

4.12 

60.63 

.84 

6.71 


Test 
246. 


4908 

7.75 
32.48 
40.95 
18.82 

4.53 

4.24 

62.77 

.91 

6.76 


Extraction  analyses. 


Fuel. 


Briquets. 


Test  178.    Test  179.    Test  241 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSs  (as  received). 

Pitch  in  briquet  by  analysis 

Heat  value 


.percent. 

do... 

do... 

--B.  t.u- 


4257 
13.70 
0-47 


4803 
10.30 
0.47 


4515 
9.40 
7.44 
7.03 


9,099 


9,081 


4362 
1.30 
7.54 
7.13 
11, 128 


8.44 

8.27 

10,082 


Pitch. 


Briquets. 


Test  245.    Test  246, 


Laboratory  No 

Extracted  by  CSj  (as  received). 

Pitch  in  briquet  by  analysis 

Heat  value ". 


.per  cent. 

do... 

..B.  t.  u. 


4543 
99.66 


4806 
96.90 


16,  S64 


4879 
94.50 


16,805 


4876 

8.68 

8.73 

10,262 


4908 

7.63 

7.62 

10,580 


MONTANA  NO.  1. 

A  sample  of  black  lignite  (or  subbituminous  coal  No.  4,  nut,  washed) 
from  Red  Lodge,  Carbon  County,  on  the  Northern  Pacific  Railroad 
was  designated  Montana  No.  1  and  a  part  of  the  sample  was  subjected 
to  briquetting  tests  on  the  English  machine  at  the  St.  Louis  plant. 

This  coal  was  dried  slightly  before  briquetting.  It  was  tested  with 
16  per  cent  of  pitch  A.  The  full  limit  of  pressure  that  could  be 
obtained  on  the  English  machine  was  used,  and  although  the  briquets 
were  well  pressed,  they  were  somewhat  porous  and  rough  on  the  sur- 
face. They  were  black,  but  not  glossy.  They  stood  rough  handling, 
and  weighed  on  the  average  6.30  pounds  each. 

The  coal  was  briquetted  with  7  per  cent  of  pitch  B.  the  highest 
pressure  obtauiable  being  used.  As  received  from  the  press,  the 
briquets  were  somewhat  plastic,  but  on  cooling  proved  to  be  brittle. 
They  weighed  on  an  average  7  pounds  each. 

Inability  to  control  the  moisture  content  of  the  mixture  in  the 
English  machine  was  probably  the  cause  of  the  poor  results  obtained 
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in  this  test,  but  as  the  mixture  had  to  be  heated  m  this  machine  by 
the  introduction  of  direct  steam  into  the  mass  it  was  impossible  to 
prevent  the  condensed  steam  from  adding  to  the  moisture  content  of 
the  mixture,  and  as  this  chiss  of  fuels  has  an  affinity  for  water  the 
moisture  was  readUy  absorbed  into  the  coal  substance  and  resulted 
in  a  weak  briquet. 

Chemical  analysis. 


Car 
sample. 

Car 
sample. 

Laboratory  No 

1298 

2.20 
11.05 
35.90 
42.08 
10.97 

1.73 

Ultimate: 

Hydrogen per  cent. . 

Carbon do 

Kitrogen do 

Oxygen do 

Heat  value B.  t.  u.. 

rroximate: 

Air-drying  loss per  cent.. 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

4.65 
66.42 

1.50 
13.16 
10.539 

NEW  MEXICO  NO.  1. 

A  sample  of  ran-of-mine  subbituminous  coal  from  a  bed  3  miles 
north  of  Gallup,  McKinley  County,  on  the  Santa  Fe  Railroad,  was 
designated  New  Mexico  No.  1  and  a  part  of  the  sample  was  subjected 
to  briquettmg  tests  on  the  English  and  American  machines  at  the 
St.  Louis  plant. 

This  coal  was  first  briquetted  with  12  per  cent  of  pitch  A,  but 
the  bric[uets  were  unsatisfactory  in  every  way.  Five  and  one-half 
tons  of  this  coal  was  briquetted  with  15.8  per  cent  pitch  X,  and  the 
briquets  were  seemingly  good  in  every  way  and  could  be  handled 
easily  without  crumbling.  On  cooling,  however,  they  began  to 
crumble,  and  did  not  weather  well.  In  burning  they  showed  a 
decided  tendency  to  disintegrate. 

This  coal  was  tested  on  the  English  machine  with  8  per  cent  of 
pitch  D.  The  briquets  were  rather  crumbly  and  earthy,  and  on 
cooling  were  covered  with  a  white  efflorescent  substance.  They  did 
not  contam  a  sufficient  quantity  of  pitch.  They  weighed  on  an 
average  6.83  pounds  each  and  had  a  specific  gravity  of  1.13.  Their 
crusliing  strength  was  7,120  pounds,  or  248  pounds  to  the  square  inch. 

As  8  per  cent  of  pitch  D  did  not  give  any  excess  of  binder,  and  as  the 
briquets  were  not  satisfactory,  another  ton  of  this  coal  was  tested  with 
10  per  cent  of  pitch  D.  Although  the  briquets  fresh  from  the  machine 
were  somewhat  stronger  than  those  ^\dth  8  per  cent  of  pitch  D,  on 
standing  and  becoming  thoroughly  cool  they  became  so  like  those 
made  with  8  per  cent  of  pitch  D  that  the  two  could  not  be  distm- 
guished  from  each  other.  This  indicated  that  a  satisfactory  briquet 
could  not  be  made  from  this  coal  with  this  pitch,  even  by  greatly 
increasing  the  percentage.     In  making  these  briquets  the  English 
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machine  was  run  under  ideal  conditions;  the  pressure  was  constant, 
and  the  coal  was  sufficiently  dry  and  not  too  fine  and  could  be  bri- 
quetted  at  a  moderate  temperature.  The  briquets  showed  a  little 
more  of  the  w^hite  efflorescent  substance  with  10  per  cent  than  with 
the  8  per  cent  of  pitch  D,  although  they  were  rather  glossy.  The 
average  weight  of  the  briquets  was  6.42  pounds  each  and  their 
specific  gravity  was  1 .02.  Their  crushing  strength  was  5,900  pounds, 
or  206  pounds  per.  square  inch,  as  compared  with  248  pounds  per 
square  inch  for  those  made  \\4th  8  per  cent  of  pitch  D.  The  eggettes 
were  glossy  on  the  surface  but  had  a  dull  fracture  and  were  not  tena- 
cious.    They  showed  a  tendency  to  disintegrate  in  burning. 

The  most  satisfactory  test  was  with  pitch  H,  1  ton  of  coal  being 
briquetted  with  8  per  cent  of  pitch.  The  briquets  were  hard,  strong, 
and  clean — much  better  in  every  way  than  any  briquets  of  this  coal 
made  with  pitch  D.  They  weighed  on  the  average  6.25  pounds  each 
and  their  specific  gravity  was  1.06.  Their  crushing  strength  was 
13,050  pounds,  or  454  pounds  to  the  square  inch,  being  nearly  twice 
the  strength  of  those  made  mth  8  per  cent  of  pitch  D. 

Chemical  anab/nis. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent 

Moisture do.. 

Volatile  matter do. . 

Fixed  carbon do. . 

Ash do.. 

Sulphur do. . 


Car 
sample. 


127S 

l.(iO 
12.29 
34.58 
46.1-1 

(5.99 
.63 


lUtimate: 

Hydrogen per  cent. 

Carbon do . . . 

Nitro.een do . . . 

Oxygen do. . . 

Heat  value B.  t.  u . 


Car 
sample. 


5.07 

72.18 

1.17 

12.89 

11,262 


NEW  MEXICO  NO.  2. 

A  sample  of  subbituminous  slack  from  H  miles  east  of  Gallup, 
McKinley  County,  on  the  Santa  Fe  system,  was  designated  New 
Mexico  No.  2,  and  a  part  of  the  sample  was  subjected  to  briquetting 
tests  on  both  the  Enghsh  and  American  machines  at  the  St.  Louis 
plant. 

This  subbituminous  coal  is  almost  identical  with  New  Mexico  No.  1. 
It  was  tested  with  9.3,  10.5,  and  12  per  cent  of  pitch  X,  but  in  every 
case  the  briquets  were  crumbly  and  no  positive  results  could  be 
obtained. 

The  coal  was  next  tested  with  pitch  D  as  a  binder,  1  ton  of  the  coal 
being  briquetted  A\'ith  7  per  cent  of  pitch  D.  The  briquets  were 
crumbly,  gray  in  color,  and  had  an  earthy  fracture.  They  were 
neither  hard  nor  strong  and  were  porous,  although  the  limit  of  pres- 
sure was  applied.  There  did  not  seem  to  be  any  difference  in  the 
briquet,  whether  made  ^vith  a  low  or  a  high  pressure.     A  large 
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amount  of  grayish  efflorescent  substance  appeared  on  the , briquets 
almost  immediately.  The  briquets  weighed  on  an  average  7  pounds 
each.  The  eggettes  made  from  this  mixture,  although  not  so  porous, 
had  the  same  earthy  appearance,  fracture,  and  gray  color. 

Another  ton  of  this  coal  was  briquetted  with  9  per  cent  of  pitch  D ; 
an  excess  of  pitch,  due  to  its  partial  volatilization,  was  indicated  by 
the  bluish  color  on  the  surfaces.  On  account  of  an  excess  of  steam, 
the  briquets  were  rather  soft  as  received  from  the  machine,  and  owing 
to  the  excess  of  pitch  manj^  of  them  stuck  together.  Although  they 
were  better  than  those  made  with  7  per  cent  of  pitch  D,  they  would 
not  have  served  as  commercial  briquets.  They  weighed  on  an  aver- 
age 7.12  pounds  each.  The  coal  was  very  dirty  and  contained  con- 
siderable clay,  and  the  same  difficulties  were  experienced  in  briquet- 
ting  it  with  pitch  as  were  encountered  with  the  Indian  Territory 
No.  6  coal  and  pitch.  From  the  work  done  on  this  sample  it  has 
been  definitely  proved  that  such  dirty  lignites  can  not  well  be  bri- 
quetted with  any  commercial  percentage  of  pitch  as  a  binder,  unless 
perhaps  it  is  a  pitch  made  froni  petroleum,  as  pitch  H. 

Five  tons  of  this  coal  was  briquetted  on  the  American  machine  by 
using  10.25  per  cent  of  the  Hoffman  patent  binder,  consisting  of 
petroleum,  rosm,  and  quicklime.  The  briquets  were  not  tough,  but 
held  together  rather  satisfactorily  when  burned  under  the  boiler.  A 
steaming  test  was  made  of  these  eggettes. 

Chemical  anahism  nf  coal  and  hriqiiets. 


Laboratory  No 

Proximate; 

Air-drying  loss I)cr  cent 

Moisture do.. 

Volatile  matter do.. 

Fixed  carbon do. . 

Ash do.. 

Sulphur do. . 

Ultimate: 

Hydrogen do. . 

Carbon do. . 

Nitrogen do . . 

Oxygen do.. 

Heat  value B.  t.  u 


Car 
sample. 


1307 

2.90 
10.79 
33.82 
36.73 
18.66 

1.26 

4.51 
61.73 

1.06 
10.37 
9,907 


Briquets. 


1263 

1.00 

6.75 

37.56 

39.  OS 

16.61 

1.61 

4.92 
66.73 

.87 

7.95 

11,412 


NORTH  DAKOTA  NO.  1. 

A  sample  of  lignite  from  Lehigh,  Stark  County,  on  the  Northern 
Pacific  Raihoad,  was  designated  North  Dakota  No.  1,  and  a  part  of 
the  sample  was  subjected  to  briquetting  tests  on  the  English  and 
American  machines  at  the  St.  Louis  plant. 

This  lignite  is  tough  and  woody,  and  does  not  distintegrate  readily. 
In  the  first  test  the  lignite  was  not  previously  dried  and  was  mixed 
with  10  per  cent  of  pitch  A.     Although  the  highest  possibles  pressure 
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was  iisetl,  the  brk^iiets  wore  porous  and  had  tho  appearance  of  an 
incoherent  mass  of  chips.  With  12  per  cent  of  pitch  A  the  briquets 
were  stiU  porous  and  noncoherent,  and  on  standing  for  some  time 
exposed  to  the  weather  the  grams  and  fragments  of  hgnite  began  to 
slack  off.  Between  the  fragments  of  lignite  there  was  an  excess  of 
pitch,  but  it  did  not  seem  to  have  any  adhesion  for  the  fragments. 
As  the  briquets  were  cooling,  the  contained  steam  acted  upon  the 
lignites,  giving  them  the  appearance  of  lumps  of  soft,  brown  loam 
surrounded  by  pitch. 

The  next  test  was  made  with  dry  material,  the  hgnite  having  been 
previously  ground  to  about  4-mesh  fineness.  One  ton  of  this  dry, 
fine  material  was  mixed  with  12  per  cent  of  pitch  A  and  run  through 
the  Enghsh  machine,  only  one  side  of  the  disintegrator  being  used. 
There  was  no  excess  of  steam  and  the  full  pressure  was  used,  but 
the  briquets  were  open.  With  both  sides  of  the  disintegrator  in  use 
there  was  a  slight  improvement  in  the  briquets,  but  they  were  all 
porous  and  incoherent,  and  on  exposure  to  the  weather  began  to  dis- 
integrate. There  was  seemingly  an  excess  of  pitch  between  the 
flakes  similar  to  that  observed  in  the  first  ton  tested.  The  same  mix- 
tures were  tested  on  the  American  machine,  and  the  eggettes  when 
fh'st  received  had  a  polished,  lustrous  appearance,  but  became  rough 
immediately  and  had  almost  no  coherence.  The  lignite  was  tested 
further  by  increasing  the  percentage  of  pitch,  allowing  the  mixtures 
to  remain  longer  in  the  pug  mill,  and  increasing  the  pressure  to  the 
limit  that  could  be  attamed  on  the  English  machine,  but  no  briquets 
were  obtained  that  had  any  coherence,  and  the  results  were  all 
unsatisfactory. 

The  poor  results  obtained  were  probably  due  to  the  absorption  of 
moisture  by  the  lignite  from  the  condensed  steam  used  to  heat  the 
mixture,  as  it  was  impossible  with  the  Enghsh  machhie  to  prevent 
an  excess  of  moisture  being  present  m  the  mixture.  The  excess  of 
moisture  was  injurious  only  to  fuels  like  hgnite,  which  readily  absorb 
considerable  moisture  and  are  weakened  by  the  action  of  the  moisture. 

Chemical  analysis. 


Car 
sample. 

Car 
sample. 

Laboratory  No 

1279 

23.60 
35. 38 
29.59 
25.  OS 
9.35 
1.55 

Ultimate: 

Hydrogen per  cent. . 

Carbon do  — 

Nitrogen do  — 

Oxygen do 

Heat  value B.  t.  u.. 

Pro.ximate: 

Air-drying  loss per  cent. . 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

4.15 

62.26 

.84 

15.88 

6,923 
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NORTH  DAKOTA— PITTSBURGH  NO.  11. 

A  car  of  nm-of-niino  lignite  from  the  Scranton  mine,  Scranton, 
Bowman  County,  N.  Dak.,  was  designated  Pittsburgh  No.  11.  This 
lignite  had  a  dark-brown,  ahnost  black  color,  but  became  somewhat 
Hghter  colored  after  dr^mig. 

Briquetting  tests  312,  317,  318,  319,  and  322  were  made  of  the  raw 
lignite  at  Pittsburgh  on  the  German  press,  without  binder.  House- 
heating  boiler  tests  H86  and  H87  were  made  of  briquets  from 
briquetting  test  322. 

Test  312  of  material  dried  till  it  held  10.6  per  cent  moisture  fur- 
nished some  fairly  strong  briquets  durmg  the  latter  half  of  the  nm 
when  conditions  had  become  constant.  The  shape  of  these  briquets 
was  good,  their  surfaces  were  smooth,  and  theii'  edges  were  sharp. 
They  could  be  handled  without  too  much  breakage.  The  best 
briquets  were  made  by  running  the  machine  at  moderate  speed — 
about  60  revolutions  per  mmute. 

Test  317,  in  which  the  material  was  dried  until  it  contained  11  per 
cent  moisture  and  the  pressure  used  was  heavier  than  in  test  312, 
failed  to  produce  satisfactory  briquets.  Those  formed  were  too  weak 
to  stand  handling  and  crumbled  to  pieces  soon  after  leaving  the  mold. 
The  chemical  analysis  reported  was  made  of  the  broken  briquets. 

Test  318,  in  which  the  material  contained  11.7  per  cent  moisture 
and  the  pressure  was  the  same  as  m  test  317,  furnished  some  fair 
briquets  during  the  latter  part  of  the  run,  but  they  were  not  strong 
enough  to  stand  handling.  As  in  test  317,  pieces  of  briquets  were 
analyzed. 

Test  319,  in  which  the  material  contained  15  per  cent  moisture, 
produced  excellent  briquets;  they  had  smooth  surfaces  sharp  edges 
and  were  strong  enough  to  bear  handliug. 

The  conditions  during  test  322  differed  from  those  during  test  319 
only  m  the  moisture  content  of  the  material.  The  briquets  were 
strong  and  well  formed,  with  smooth,  polished  surfaces. 

Plates  XVI  to  XXI  show  how  briquets  from  tests  312,  319,  and  322 
withstood  exposure  to  the  weather. 

This  lignite  was  made  into  good  briquets  without  the  use  of  a 
binder.  Satisfactory  briquets  can  be  made  by  diyiiig  the  ground 
lignite  until  it  contains  11  per  cent  moisture,  and  better  briquets  can 
be  made  if  the  moisture  content  is  about  15  per  cent.  The  indica- 
tions arc  that  material  containing  more  than  15  per  cent  moisture 
can  be  worked  on  this  jircss  and  will  probably  furnish  bri([uets 
stronger  than  any  other  lignites  mentioned  in  this  report.  Unfortu- 
nately, the  control  of  the  drier  at  the  Pittsburgh  j^lant  did  not  permit 
the  material,  if  dried  at  all,  to  contain  more  than  15  per  cent  moisture. 
This  defect  can  be  remedied,  however,  by  changing  the  proportions  or 
the  speed  of  the  drier. 
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Data  relating  to  the  test  made  with  this  lignite  arc  summarized 
in  the  table  following: 

Briquetting  tests. 


Test  No. 


318. 


Size  as  shipped 

Size  as  used: 

Over  J  inch,  per  cent 

•^  to  J  inch,  per  cent 

iS  to  tV  inch,  per  cent 

-i\  to  ,'ff  inch,  per  cent 

Through  ,Vinch,  per  cent 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature,  °  F 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier,  pounds 

Weight  of— 

Fuel  briquetted,  pounds 

Briquets,  average,  pounds 

Moisture  in  briquet  mixture,  per  cent 

Drop  test  (1-inch  screen): 

Held,  per  cent 

Passecl,  per  cent 

Tumbler  test  (1-inch  screen): 

Held,  per  cent 

Passed,  per  cent 

Fines  through  10-mesh  sieve,  per  cent 
Weather  test: 

Time  exposed  when  examined,  days  . 

Condition  when  examined 


2.00 
21.00 
28.00 
26.00 
23.00 

German. 

103 

None. 

6/89 

10 

4,383 
1.00 
10.60 

42 
58 

36 
64 
65 

66 
E 


3.00 
29.50 
25.00 
16.50 
26.00 

German. 

9S 

None. 

7/S9 
10 

None.o 


1.00 
17.50 
32.50 
22. 00 
27.00 

German. 

101 

None. 

7/89 
5 

2,000 
1.00 
11. 73 


3.00 
32.00 
29.50 
16. 50 
19.00 

German. 

99 

None. 


4,000 

1.03 

14.96 


1.50 
29.00 
29.00 
20.00 
20.50 

German. 

102 

None. 

7/89 
4 

6,300 
1.07 
12.60 

34 
66 

37 
63 
59 

66 
D 


a  The  few  briquets  made  fell  to  pieces  when  handled. 

The  table  following  shows  the  changes  in  composition  of  tliis  lignite 
during  transportation  from  the  nunc  to  the  plant,  a  period  of  38  days, 
and  during  storage  at  the  plant  until  used  for  the  last  briquettmg 
test,  a  period  of  50  days.  The  fourth  column  gives  an  average  of 
five  proximate  analyses  made  on  different  dates,  and  analyses  of  the 
briquets  are  also  given. 

Chemical  analyses. 


Mine 
.sample. 


Car 
sample. 


Sample 

as  used 

on  last 

test. 


Average 
of  5 

samples. 


Date  taken 

Laboratory  No 

Proximate: 

Moisture 

Volatile  matter . 

Fixed  carbon . . . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Heat  value 


.per  cent. 

do... 

do... 

do... 

do... 


Mar.  20 
7499 

41.43 

23.86 

28.45 

6.26 

.74 


...do. 
...do. 
...do. 
...do. 

.B.  t.i 


Apr.  23 

7677 

38.81 

25.48 

27.29 

8.42 

.97 

4.54 

61.20 

.82 

18.09 

6.347 


June  12 
7942 

32.  .30 

18.81 

40.71 

8.18 

.85 


32.68 

26.24 

33.45 

7.62 

.93 
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Proxim-ate  analyses  of  briquets. 


191 


Briquet 

Briquet 

Briquet 

Briquet 

312. 

317. 

318. 

319. 

7807 

7886 

7893 

7901 

10.76 

10.70 

12.09 

12.48 

38.97 

38.95 

38.11 

38.92 

40.94 

40.69 

39.68 

39.47 

9.33 

9.66 

10.12 

9.13 

1.22 

1.20 

1.27 

1.20 

9,434 

9,470 

9,189 

9,184 

Briquet 
322. 


Laboratory  No 

Moisture per  cent. 

Volatile  matter do. . . 

Fixed  carbon do. .. 

Ash do. .. 

Sulphur do. . . 

Heat  value B.  t.  u. 


7944 
11.93 
36.87 
41.37 
9.83 
1.21 
9,445 


Extraction  analyses. 


Fuel. 

Briquets. 

Test  312. 

Test  322. 

Laboratorv' No 

7499 
36.00 

7677 
27.50 

7942 

22.70 

1.71 

7807 

7944 

Air-drj'ing  loss per  cent. . 

Extracted  by  CS2  (moisture  free) do 

20.70 
1.76 

1.67 

1.68 

NORTH  DAKOTA— PITTSBURGH  NO.  13. 

The  sample  designated  Pittsburgh  No.  13  consisted  of  1  car  of 
run-of-mine  lignite  from  the  Lehigh  mine,  Stark  County,  N.  Dak.  It 
was  used  in  makmg  gas-producer  test  184  and  briquetting  tests  294, 
298,  299,  300,  301,  302,  303,  304,  305,  306,  and  307  ^\^th  the  German 
press. 

Tlie  ground  and  dried  lignite  used  in  test  294  contained  1 1  per  cent 
moisture.     It   made  well-formed   briquets   that  had   rather   brittl 
edges  and  cracked  sides.     They  were  strong  enough  to  endure  careful 
handlmg  and  were  the  strongest  lot  made  from  this  fuel. 

In  tests  298,  299,  300,  301,  302,  303,  and  304  the  moisture  content 
and  the  pressure  were  varied  in  an  endeavor  to  get  the  best  conditions, 
but  the  few  briquets  made  were  too  weak  and  were  not  kept. 

In  test  305  the  material  contamed  about  1 5  per  cent  moisture.  Some 
of  the  briquets  were  strong  enough  to  endure  careful  handling,  but 
they  were  softer  than  those  from  test  294  and  crumbled  more  easily. 
Seemingly  the  material  was  too  coarse  and  contamed  too  much  mois- 
ture. The  briquets  were,  however,  a  great  improvement  over  those 
from  tests  298  to  304. 

Test  306  produced  some  fairly  good  briquets,  there  being  J  it  tie 
choice  between  the  lot  and  those  from  test  305.  Seemingly  the  mois- 
ture content  of  the  dried  material  was  too  high.  The  briquets 
crumbled  easily  and  when  struck  gave  a  dull  sound  instead  of  the 
sharp,  metallic  ring  of  good  briquets.  The  briquets  from  tests  305 
and  306  were  mixed  in  storage,  and  the  cohesion  tests  were  made  from 
a  mixed  sample. 

The  briquets  made  in  test  307  had  better  forms  than  those  from  any 
other  test  of  tliis  fuel,  but  were  not  so  strong  as  those  from  tests  294, 
305,  or  306. 
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This  series  of  tests  has  demonstrated  that  this  lignite  can  be  made 
into  briquets,  but  further  tests  are  desirable  to  determine  the  best 
conditions.  Fine  grinding  is  a  requisite.  About  10  to  12  per  cent 
moisture  in  the  material  seems  desuable  and  a  heavy  pressure  is 
necessary.  The  proportion  of  natural  binder  in  the  lignite  being 
rather  low,  briquets  made  without  adduig  artificial  buider  are  likely 
to  be  weak.  Probably  the  use  of  a  small  proportion,  perhaps  2  to  4 
per  cent,  of  artificial  binder  and  a  different  type  of  press  would  give 
better  briquets. 

Briquetting  tests. 


Size  as  shipped 

Size  as  used: 

Over  I  inch per  cent. . 

T^  to  J  inch do 

3^  to  iV  inch do 

3*5  to  jV  inch do 

Through  ^  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °  F . . 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds.. 

Weight  of — 

Fuel  briquetted do 

Briquets,  average do 

Moisture  in  briquet  mixture per  cent. . 

Drop  test  (1-inch  screen): 

Held do. . . . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do. . . . 

Passed do 

Fines  through  10-mesh  sieve do 


Test  No. 


294. 


0.0 
27.7 
40.0 
22.3 
10.0 

German. 

90 

None. 

5. 5/89 
20 

2,840 
0.775 
11.13 


298. 


R.  o.  m. 

1.0 
21.0 
31.5 
25.5 
21.0 

German. 

75 

None. 

6/89 
20 

None. 


0.0 
20.0 
36.0 
25.0 
19. 0 

German. 

75 
None. 

6/89 
20 

None." 


R.  o.  m. 

0.0 
20.0 
36.0 
25.0 
19.0 

German. 

75 

None. 

4/89 
20 

None.o 


R.  o.  m. 

0.5 
12.0 
28.5 
27.0 
32.0 

German. 

68 

None. 

4/89 

15 

None." 


9.19 


Size  as  shipped 

Size  as  used: 

Over  }  inch per  cent. . 

tV  to  i  inch do 

,"s  to  t"5  inch do 

^5  to  ,v  inch do 

Through  f\  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F. . 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds. . 

Weight  of — 

Fim\  briquetted do 

Britjuot,  average do 

Moisture  in  briquet  mi.xturo percent.. 

Drop  test  (1-iuch  screen): 

Held do.... 

Passed do 

I'umbler  test  (1-inch  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve do 


Test  No. 


302. 


R.o.  m. 

0.5 
18.0 
24.0 
26.0 
31.5 

German. 

78 

None. 

4/89 

10 

bSOO 


9.81 


303. 


R.  0.  m. 

0.5 
20.0 
34.5 
25.5 
19.5 

German. 

74 

None. 

5/89 

10 

b700 


0.5 
21.0 
31.5 
24.5 
22.5 

German. 

88 

None. 

6/89 

10 

6  1,950 

0.9 

11.56 


2.0 
22.5 
30.5 
21.5 
23.5 

German. 

81 
None. 

6/89 
8 

1,880 
0.77 
14.80 

16.00 
84.00 

17.00 
KJ.OO 
60.00 


0.8 
21.5 
32.2 
22.5 
23.0 

German. 

85 

None. 

6/89 

12 

2,138 
0.77 
12.12 

16.00 
84.00 

17.00 
83.00 
60.00 


0.8 
21.5 
32.2 
22.5 
23.0 

Gorman. 

102 

None. 

C/89 

16 

700 
0.82 
9.29 

5.00 
95.00 

7.00 
93.00 
60.00 


oThe  few  briquets  made  were  too  weak  to  handle. 

6  Briquets  were  scrapped,  as  they  were  too  weak  to  handle. 


DETAILS   OF   BEIQUETTING   TESTS. 
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The  table  following  shows  the  changes  in  composition  of  this 
fuel  during  transportation  from  the  mine  to  the  plant,  a  period  of 
12  days,  and  during  storage  at  the  plant  until  used  for  the  last 
briquetting  test,  a  period  of  30  days.  The  fourth  column  is  an 
average  of  eight  proximate  analyses  of  samples  used  on  different 
dates.     Analyses  of  the  briquets  are  also  given. 

Chemical  analyses  of  coal. 


Mine 
sample. 


Car 
sample. 


Sample 

as  used 

on  last 

test. 


Average 

of  8 
samples. 


Date  taken 

Laboratory  No 

Proximate: 

Ail -drying  loss per  cent. 

Moisture do. . . 

Volatile  matter do... 

Fixed  carbon do. . . 

Ash do. . . 

Sulphur do... 

Ultimate: 

II  y  drogen do . . . 

Carbon do. . . 

Nitrogen do. . . 

Oxygen do. . . 

Extract  by  CS2  (moisture  free) do. .. 

Heat  value B.  t.  u. 


Mar.  29 
7537 

37. 80 
42.04 
23.40 
27.67 
6.89 


6,079 


Apr.  10 
7553 

34.30 
40.23 
24.89 
28.03 
6.85 
.62 

4.28 

62.66 

.70 

19.86 


6,246 


May  10 
7752 

28.90 
38.95 
24.44 
29.38 
7.23 
.91 


1.16 
6,327 


28.68 
38.08 
24.86 
29.74 
7.32 
.90 


6,579 


Chemical  analyses  of  briquets. 


Laboratory  No 

Pro.ximate: 

Air-drying  loss per  cent. . 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

Extract  by  CS2  (moisture  free).do 

Heat  value B.  t.  u.. 


7611 

0.60 
8.56 
37.51 
4L23 
12.70 
2.24 
1.72 
9,191 


Test  No. 


8.30 
37.00 
42.80 
11.90 
1.90 
1.66 
9,410 


10.87 

36.83 

42.71 

9.59 

1.58 

1.85 

9,504 


10.26 

38.79 

42.35 

8.60 

1.12 

1.01 

9,691 


304 


10.18 
37.82 
43.00 
9.00 
1.21 


9,684 


12.10 
35.00 
44.10 
8.80 
1.35 
1.51 
9,000 


11.41 
36.52 
42.55 
9.52 
1.40 


9,490 


307 


10.29 

37.14 

43.93 

8.64 

1.02 

1.19 

9,698 


NORTH  DAKOTA— PITTSBURGH  NO.  15. 


A  sample  consisting  of  one  car  of  3-inch  lump  lignite  from  the 
McClure  mine,  Vanderwalker,  Ward  County,  N.  Dak.,  was  designated 
Pittsburgh  No.  15. 

Briquetting  tests  324,  325,  326,  and  330  were  made  of  it  with  the 
German  press  without  binder.  No  gas-producer  or  steaming  tests 
were  made. 

Dried  lignite  containing  7.4  per  cent  moisture  was  used  for  tests 
324  and  325.  In  test  324  a  set  of  dies,  used  in  test  323,  gave  the 
heaviest  pressure  the  machine  would  stand.  The  material  stalled 
the  machine,  the  end  of  a  stamp  broke,  and  no  briquets  were  made. 
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FUEL-BRIQUETTING   INVESTIGATIONS. 


Another  set  of  dies  giving  less  pressure  was  used  for  test  325  on  the 
same  lot  of  material.  The  material  would  not  work  satisfactorily, 
however,  ^dth  this  set  of  dies,  and  after  several  attempts  the  test 
was  stopped  and  the  rest  of  the  hgnite  in  the  hopper  was  thrown  away. 

The  next  lot  of  ground  hgnite,  dried  to  contain  10.8  per  cent  mois- 
ture, was  used  for  test  326.  No  briquets  were  made  and  the  material 
came  out  of  the  press  in  a  loose  form.  The  hgnite  e\'idently  lacked 
bindmg  properties,  a  defect  that  was  confirmed  by  extraction  tests 
made  later.  Another  test  (330)  was  made  of  a  lot  of  material  dried 
to  contam  11.6  per  cent  moisture,  but  no  briquets  were  formed.  Sim- 
ilar results  were  obtained  in  tests  326  and  330.  No  further  test  could 
be  made  on  this  lignite  at  the  time. 

The  lignite  seemuigly  does  not  contain  enough  bmdmg  material 
to  form  briquets  on  the  German  press.  Without  doubt,  it  can  be 
successfully  briquetted  by  adding  a  bmder  and  usmg  a  press  made  to 
work  mth  a  binder.  It  is  desirable  to  make  further  tests  of  this 
lignite,  fu*st  on  the  laboratory  hand  press  and  afterwards  on  the 
English  machine  belonging  to  the  Bureau  of  Mines. 

Briquetting  tests. 


Size  as  shipped 

Size  as  used: 

Over  J  inch per  cent. . 

A  toi  inch do 

T»  to  A  inch do 

i",  to  iV  inch do 

Through  ^i'^  inch do 

Details  of  manufacture: 

Macliiue  used 

Briquetting  temperature °1'' . . 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds. . 

AVeight  of— 

Fuel  briquetted do 

Moisture  in  briquet  mixture per  cent. . 


Test  No. 


3-inch  lump. 

1.5 
28.0 
30.0 
20.5 
20.0 

German. 

93 

None. 

7/S9 


None. 
7.40 


3-inch  lump. 

1.5 
28.0 
30.0 
20.5 
20.0 

German. 

93 

None. 

6/89 


None. 
7.40 


3-inch  lump. 

2.0 
30.0 
29.5 
18.5 
20.0 

German. 

93.6 

None. 


None. 
10.80 


3-inch  lump. 

1.0 
30.0 
28.0 
19.0 
22.0 

German. 

Ill 

None. 


None. 
11.60 


The  changes  in  composition  of  the  fuel  during  transportation  from 
the  mine  to  the  plant,  a  period  of  44  days,  and  during  storage  at  the 
plant  for  73  da3^s,  are  shown  below.  The  figures  in  the  fourth  column 
represent  an  average  of  thi-ee  analyses  made  on  different  dates. 


DETAILS  OF  BEIQUETTING  TESTS. 

Chemical  anab/ses. 
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Mine 
sample. 


Car 
sample. 


Sample 

as  used 

on  last 

test. 


Average 

of  3 
samples. 


Date  taken 

Laboratory  Xo 

Proximate: 

Air-drying  loss per  cent. . 

Moistm'e do — 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

T'ltimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do 

Extract  by  CS2  (moisture  free) do 

Heat  value B.t.u.. 


Apr.     3 

7587 

28.90 
36.64 
22.64 
30.74 
9.98 
.45 


Apr.    17 
7631 

25.60 
34.30 
23.10 
29.93 
13.67 
.52 

3.76 

56.01 

.87 

17.76 


June  29 
8020 

IS.  30 
29.09 
27.13 
34.88 
8.90 
.56 


15.83 
27.94 
27.12 
34.99 
9.95 
.54 


6,394 


6, 284 


7,38.5 


1.08 
7,364 


PENNSYLVANIA  NO.  3. 

A  sample  of  anthracite  culni  from  near  Scranton  was  designated 
Pemisylvania  No.  3  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  on  both  the  English  and  American  machines  at  the 
St.  Louis  plant. 

The  first  test  was  with  90  parts  of  the  culm,  10  parts  of  a  West 
Virgmia  cokmg  coal,  and  12§  per  cent  of  hard  pitch  A.  The  mixture 
was  run  through  the  English  machine,  both  sides  of  the  disintegrator 
being  used  and  the  briquets  being  pressed  to  the  limit  of  the  machine. 
On  account  of  the  hardness  of  the  anthracite  coal  it  did  not  disinte- 
grate to  any  great  extent  and  the  briquets  resembled  concrete.  They 
were  hard  and  tough,  and  even  with  the  inferior  pitch  were  of  good 
quahty.  They  weighed  on  an  average  7.25  pounds  each.  During 
combustion  they  burned  Uke  lumps  of  anthracite  coal,  making  little 
flame.  On  standing  exposed  to  the  weather,  the  briquets  did  not 
suffer  to  any  extent  except  during  hard  rains,  when  their  surfaces 
became  pitted.  Seemingly  this  pitting  was  due  to  the  wearing  away 
of  the  softer  pitch  from  the  harder  fragments  of  anthracite. 

The  culm  was  next  tested  with  the  softer  pitch  B,  by  using  84  per 
cent  of  anthracite,  9  per  cent  of  West  Virginia  coking  coal,  and  7  per 
cent  of  pitch  B.  For  this  test  the  coarsest  and  driest  part  of  the  culm 
was  used.  The  combination  made  fair  briquets,  but  they  would  have 
been  improved  if  dr}^  steam  could  have  been  used.  The  briquets 
weighed  on  an  average  7.64  pounds  each  and  had  a  specific  gravity 
of  1.174,  whereas  the  specific  gravity  of  the  raw  culm  was  1.52.  The 
crushing  strength  of  the  briquets  was  only  4,500  pounds,  or  156 
pounds  to  the  square  inch.  The  eggettes  of  this  niLxture  made  on 
the  American  machine  were  harder  and  firmer  than  the  corresponding 
briquets.  They  all  burned  like  anthracite  coal,  except  that  in  starting 
the  fire  they  were  more  easily  ignited. 

Another  ton  of  the  anthracite  culm,  which  had  been  kiln-dried,  was 
briquetted  with  7  per  cent  of  pitch  B,  without  the  addition  of  any 
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bituminous  coal.  If  the  steam  introduced  into  the  pug  mill  was  wet 
the  fresh  briquets  were  almost  too  soft  to  handle.  If,  however,  the 
steam  was  dry,  they  were  firm  and  lustrous.  Although  the  briquets 
were  not  so  lustrous  as  those  made  ■svdtli  soft  coal,  they  were  clean, 
smooth,  hard,  and  strong,  and  when  dropped  rang  hke  a  stone.  The 
eggettes  of  this  mixture  made  on  the  American  machine  were  also 
very  good,  but  no  better  than  the  briquets.  The  eggettes  also  burned 
like  lump  anthracite,  with  little  flame  or  crumbling.  In  breakmg 
the  large  briquets  there  was  Uttle  waste.  The  briquets  weighed  on  an 
average  7.4  pounds  each,  and  had  a  specific  gravity  of  1.28,  the  spe- 
cific gravity  of  the  coal  being  1.52.  The  crushing  strength  of  the 
briquets  was  17,100  pounds,  or  596  pounds  to  the  square  inch,  this 
test  being  made  of  briquets  that  had  been  exposed  to  the  weather  for 
over  a  month. 

One  ton  of  the  anthracite  culm  also  was  tested  with  7  per  cent  of 
pitch  D  as  a  binder,  but,  on  account  of  lack  of  pressure,  the  briquets 
were  porous  and  not  so  good  as  those  that  contained  7  per  cent  of 
pitch  B.  They  stuck  together  while  hot,  indicating  that  7  per  cent 
of  pitch  D  was  sufficient  and  that  an  increase  of  pitch  would  not 
improve  them.     They  weighed  only  7.06  pounds  each  on  an  average. 

A  5-ton  lot  of  the  anthracite  culm  was  briquetted  with  10  per  cent 
of  West  Virginia  coking  coal  and  llj  per  cent  of  the  Hoffman  patent 
binder,  on  the  American  machine.  The  eggettes  were  hard,  smooth, 
and  clean,  with  a  somewhat  polished  surface,  and  stood  considerable 
rough  handling.  The  eggettes  were  tested  by  burning  under  a  boiler, 
the  fire  box  of  which  was  fitted  for  a  bituminous  coal.  Although 
made  of  79f  per  cent  of  anthracite,  they  did  not  burn  like  anthracite, 
and  their  oil  and  rosin  constituents  gave  a  long  flame  to  the  fuel,  and 
the  boiler  ran  at  86  per  cent  of  its  rated  capacity. 

From  the  results  of  these  tests  it  is  apparent  that  anthracite  culm 
can  be  satisfactorily  briquetted  either  in  combination  with  a  coking 
coal  or  by  using  simply  pitch  as  a  binder,  and  that  the  briquets  have 
most  of  the  properties  of  lump  anthracite. 

Chemical  analyses  nj  coal  and  briqvets. 


Car 
sample. 


Briquets. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent 

Moisture do. . . 

VolatUo  matter do... 

Fixed  carbon do. . . 

Ash do. . . 

Sulphur do... 

Ultimate: 

Hydrogen do... 

Carbon '. do. . . 

Nitrogen do. . . 

Oxygen do. . . 

Heat  value B.  t.  u. 


1245 

3.40 
5.41 
7.02 
71.79 
15.78 
.74 

2.64 

76.81 

.81 

2.27 

12,047 


1294 

0.10 
3.00 
27.62 
55.00 
14.38 
1.13 

4.12 

74.09 

1.08 

4.44 
12,893 


DETAILS  OF  BEIQUETTING  TESTS. 
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PENNSYLVANIA  NO.  15. 


Semibitiimiiious  run-of-mine  coal  from  the  "^liller"  or  "B"  bed  at 
Wehnim,  Indiana  County,  on  the  Pennsylvania  Railroad,  was  desig- 
nated Pennsylvania  No.  15,  and  a  part  of  the  sample  was  used  in 
briquetting  tests  176  and  184,  in  mixture  with  Rhode  Island  No.  1. 
Steammg  test  467  was  made  of  the  briquets  from  briquetting  test  176. 
House-boiler  test  47  was  made  of  the  briquets  from  briquetting  test 
184. 

In  test  176  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch,  2.2  per  cent;  one-tenth  mch  to  one-fourth  mch,  6  per  cent;  one- 
twentieth  inch  to  one-tenth  inch,  12  per  cent;  one-fortieth  inch  to 
one-twentieth  mch,  19  per  cent;  through  one-fortieth  inch,  60.8  per 
cent.  This  test,  with  7  per  cent  of  binder,  gave  satisfactory  briquets, 
which  were  tough  and  easily  handled  without  breaking  when  warm, 
but  were  brittle  when  cold.  They  broke  mth  characteristic  smooth, 
glossy  fracture,  hard  surface,  and  sharp  edges. 

In  test  184  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch,  0.8  per  cent;  one-tenth  inch  to  one-fourth  inch,  7  per  cent;  one- 
twentieth  inch  to  one- tenth  inch,  15  per  cent;  one-fortieth  inch  to 
one-twentieth  inch,  22.2  per  cent;  through  one-fortieth  inch,  55  per 
cent.  Pennsylvania  No.  15  was  mixed  \vith  an  equal  quantity  of 
Rhode  Island  No.  1  (run  of  mine)  ia  this  test.  Excellent  briquets 
were  made  ^yiih  6.25  per  cent  of  binder  on  the  Renfrow  machine. 
Although  the  pitch  used  had  a  low  melting  point,  the  briquets  handled 
well  from  the  machine  and  piled  mthout  sticking.  The  outer  surface 
was  rery  hard  and  smooth,  and  broke  without  crumbling,  giving  a 
smooth  fracture  and  sharp  edges. 

Briquetting  tests. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets "F . . 

Binder- 
Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquets,  average do 

Drop  test  ( 1-ineh  screen) : 

Held per  cent. . 

Passed '. do 

Tumbler  test  (1-inch  screen): 

Held do. . . . 

Passed  (fines) do — 

Fines  through  10-mesh  sieve do 

Weathering  test: 

Time  e.xposed days. . 

Condition 

Absorption  test: 

Time  immersed days . . 

Water  absorbed per  cent. . 

Average  for  firstg  days....................... ....... ...^ 

Specific  gravity  (apparent) 


Test  No. 


Renfrow  No.  I. 

185 

W.  G.  P. 
4643 

7 

8.000 
0.420 

60.5 
49.5 

70.5 
29.5 
85.0 

53 
A 

19 
22.0 
4.05 


1.043 


184. 


Renfrow 
W. 


No.  1. 

185 

G.  P. 
4543 
6.25 

10,000 
0.5 

68.5 
31.5 

93.0 

7.0 

91.4 

11 
A 

16 
13.3 


1.90 
1.275 
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Chemical  analyses  of  coal  and  briquets. 


Fuel. 

Test  176. 

Pa. 

R.I. 

No.  15. 

•No.  1. 

4104 
2.57 

3216 
2.41 

3.90 

IS.  09 

4.92 

23.35 

09.01 

73.61 

64.65 

10.33 

19.06 

8.10 

3.97 

.07 

3.11 

4.25 

.65 

4.35 

77.89 

76.95 

78.71 

1.19 

.17 

1.09 

2.00 

2.63 

4.  IS 

Test  184. 


Laboratory  No 

Pro.ximate: 

Moisture per  cent. 

Volatile  matter ^ do. . . 

Fixed  carbon do . . . 

Ash , do . . . 

Sulphur : • do. . . 

Ultimate: 

Hydrogen do. . . 

Carbon do . . . 

Nitrogen do. . . 

Oxygen do. . . 


4913 

0.74 
15.96 
69.71 
13.59 

2.61 

3.05 

77.48 

.49 

2.65 


Extraction  analyses. 


Pitch. 


Fuel. 


Pa. 
No.  15. 


II.  I. 
No.l. 


Briquets. 


Test  176. 


Test  184. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CS2  (as  received) . 
Pitch  in  briquet  by  analyses . . . 
Heat  value 


.per  cent. 

do... 

do... 

..B.  t.u. 


99. 66 
16.969 


4104 
2.10 
0.77 


3216 
2.00 
0.02 


10,996 


2.80 

5.72 

5.02 

13,702 


4913 
0. 03 
6.25 
5.91 
12,793 


PENNSYLVANIA  NO.  16. 

Semibitumiiious  run-of-miiie  coal  from  the  "D"  bed  at  Hastings, 
Cambria  County,  on  the  Pennsylvania  Railroad,  was  designated 
Pennsylvania  No.  16  and  a  part  of  the  sample  was  used  in  briquetting 
tests  172,  173,  and  174.  Steaming  test  468  was  made  of  equal  parts 
of  briquets  from  the  three  briquetting  tests. 

In  tests  172,  173,  and  174  the  size  of  coal  used  was  as  follows: 
Over  one-fourth  inch,  2.2  per  cent;  one-tenth  inch  to  one-fourth  inch, 
5.4  per  cent;  one-twentieth  inch  to  one-tenth  inch,  1 1 .2  per  cent;  one- 
fortieth  inch  to  one-twentieth  inch,  21.4  per  cent;  through  one-for- 
tieth inch,  59.8  per  cent.  There  was  no  difference  in  physical  appear- 
ance between  English  briquets  with  6  and  those  with  7  per  cent  of 
binder.  All  briquets  were  satisfactory,  mth  smooth,  very  hard 
surface,  characteristic  glossy  fracture,  and  sharp  edges.  Renfrow 
briquets  broke  without  crumbling  and  were  easily  transported  from  the 
machine  when  warm. 


DETAILS   OF   BRIQUETTING   TESTS. 
Briquetting  tests. 
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Test  No. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets °F. . 

Binder — 

Kind 

Laboratory'  No 

Amount per  cent. . 

Weight  of — 

Fuel  briquetted pounds. . 

Briquets,  average do 

Drop  test  ( 1-inch  screen) : 

Held per  cent. . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed  (fines) do 

Fines  through  10-mesh  sieve do 

Weathering  test: 

Time  exposed days. . 

Condition 

Absorption  test : 

Time  immersed daj-s . . 

Water  absorbed per  cent . . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


English. 
203 

C.  T.  P. 
4319 


3,500 
3.66 

76.1 
23.9 


21.2 
64.0 

54 
A 

19 

13.9 

1.35 

1.113 


English. 
203 

C.  T.  P. 
4319 

7 

3,500 
3.69 

80.4 
19.6 

81.7 
18.3 
63.9 

50 
A 

19 

14.7 

1.30 

1.110 


Renfrow  No.  1. 

185 


C.  T.  P. 
4319 


5,000 
0.428 

44.5 
55.5 

69.5 
30.5 
91.0 

54 
B 

19 

19.0 

3.30 

1.056 


Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Proximate: 

Moisture per  cent . 

Volatile  matter do. . . 

Fixed  carbon do. . . 

Ash do . . . 

Sulphur do. . . 

Ultimate: 

Hydrogen do. . . 

Carbon do . . . 

Nitrogen do.. . 

Oxygen do . . . 


Car  sam- 
ple. 


4169 

4.25 

21.79 

66.09 

7.87 

1.59 

4.44 

79.29 

1.34 

5.05 


Tests  172, 

173,  and 

174.0 


4253 

5.27 

23.69 

62.69 

8.35 

1.68 

4.36 

79.42 

1.29 

4.35 


a  Composite  sample  of  briquets  u.sed  in  steaming  test  468. 
Extraction  analyses. 


Pitch. 


Fuel,  Pa. 
No.  16. 


Briquets, 
tests  172, 
173, 174. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CS2  (as  received). 

Pitch  in  briquet  by  anal.vsis 

Heat  value " 


4319 


.percent. 

do... 

do... 

..B.  t.u. 


66.25 


4169 

3.90 

.06 


13,513 


4253 
4.50 
5.35 
8.00 
13,487 


PENNSYLVANIA  NO.  18. 


Semibituminous  run-of-mine  coal  from  a  mine  working  the  "Miller" 
bed,  outcropping  at  Lloydoll,  Cambria  County,  on  the  Pennsylvania 
Railroad,  was  dosignatod  Pennsylvania  No.  1 S,  and  a  j)art  of  the  sam- 
92012°— Bull.  5S— 13 14 


200 


FUEL-BRIQUETTING   INVESTIGATIONS. 


plc  was  used  in  briquetting  tests  196,  197,  200,  201,  202,  205,  232,  236, 
and  250;  in  mixture  with  Rhode  Island  No.  1  in  briquetting  test  243; 
and  in  mixture  with  misceUaneous  Xo.  9  in  briquetting  tests  238,  239, 
240,  and  248.  Four  cars  were  shipped  to  the  fuel-testmg  phant  at  St. 
Louis,  and  one  car  was  shipped  to  the  Pennsylvania  Railroad  locomo- 
tive testing  plant  at  Altoona,  Pa.  Some  of  the  briquets  made  from 
this  coal  were  tested  as  locomotive  fuel  at  Altoona,  Pa.,  b}^  the 
Pennsylvania  lines. 

In  tests  196,  197,  200, 201,  202,  205,  232,  236,  and  250  the  size  of  coal 
as  used  was  as  follows:  Over  one-fourth  inch,  1.4  per  cent;  one-tenth 
inch  to  one-fourth  inch,  5  per  cent;  one-twentieth  inch  to  one-tenth 
inch,  10.6  per  cent;  one-fortieth  inch  to  one-twentieth  inch,  24.8  per 
cent;  thi-ough  one-fortieth  inch,  58.2  per  cent.  Excellent  briquets 
were  made  on  the  Enghsh  machine  with  5,  6,  and  7  per  cent  of  binder; 
8  per  cent  of  binder  gave  good  results  on  the  Renfrow  machine,  but 
those  wdth  6  and  7  per  cent  of  binder  were  not  satisfactory.  This  coal 
worked  equally  well  with  high  and  low  moisture  content,  making 
briquets  with  hard  surfaces  that  were  easily  handled  and  piled.  The 
fracture  was  smooth,  the  particles  of  coal  being  so  thoroughl}'  cemented 
that  the  appearance  was  like  a  solid  mass. 

Briquetting  tests. 


Test  No. 


197. 


200. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets "F 

Binder — 

Kind 

Laboratory  Xo 

Amount per  cent 

Weight  of — 

Fuel  briquetted pounds 

Briqucis,  average do 

Drop  test  (1-inch  screen): 

Held per  cent 

Passed do. . 

Tumbler  test  (1-inch  screen): 

Held do.. 

Passed  (fines) do. . 

Fines  through  10-mesh sieve do.. 

Weathering  test: 

Time  exposed days 

Condition 

Absorption  test: 

Time  immersed days 

Water  absorbed per  ceiit 

.\verage  for  first  4  days do. . 

Specific  gravity  (apparent) 


English. 
15S 

W.G.P. 

46S3 

6 

24,000 
3.57 

70.6 
29.4 

66.0 
34.0 
76.0 

1 
A 

19 

14.9 

l.« 

1.129 


English. 
140 

W.G.P. 
46S3 


128.000 
3.62 

66.7 
33.3 

66.1 
33.9 
59.5 


19 

12.0 

1.55 

1.161 


English. 
185 


W.G.P. 

4683 


24.000 
3.66 

62.5 
37.5 

72.2 
27.8 
77.6 


(Renfrow 
\    Xo.  1. 
149 

W.G.P. 

46S3 

6 

3.600 
0.456 

21.0 
79.0 

51.0 
49.0 
89.7 


Renfrow 
Xo.  1. 
149 

W.G.P. 

4683 


6.500 
0.439 

41.0 
59.0 

71.0 
29.0 
89.2 


13 
11.5 
2.10 
1.131 


13 
17.4 
3.12 


13 

16.0 

2.88 

1.106 


DETAILS   OF   BEIQUETTING   TESTS. 
Briquetting  tests — Continued. 
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Test  No. 


232. 


236. 


Details  of  manufacture: 
Machine  used 


Temperature  of  briquets °F . 

Binder — 

Kind 

Laboratory  No 

Amount per  cent. 

Weight  of— 

Fuel  briquetted pounds. 

Briquets,  average do. .. 

Drop  test  (l-hich  screen): 

Held per  cent. 

Passed do. . . 

Tumbler  test  (1-inch  screen): 

Held do. . . 

Passed  (fines) do . . . 

Fines  through  10-mesh  sieve do. . . 

Absorption  test: 

Time  immersed days. 

Water  aljsorbed per  cent. 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


/Renfrow 
\    No.  1. 

158 

W.G.P. 
4806 

8 

6,000 
0.407 

54.5 
45.5 

85.0 
15.0 


13 
15.3 
2.33 
1.102 


Renfrow 
No.  1. 
167 

W.G.P. 
4806 


146, 000 
0.469 

54.5 
45.5 

89.5 
10.5 
90.3 

13 

11.0 

1.83 

1.164 


'English. 
158 

W.G.P. 

4806 

7 

40,000 
3.62 

67.5 
32.5 

61.8 
38.2 
53.4 

13 

11.7 

2.13 

1.156 


Enghsh. 
157 


(a) 


4825 


1.800 
3.01 

89.0 
11.0 

91.9 

8.1 

46.2 


0.95 
1.240 


a  Wax  tailings. 

In  test  238,  with  Pennsylvania  No.  18,  75  per  cent,  and  miscel- 
laneous No.  9  (coke  breeze),  25  per  cent,  satisfactory  briquets  were 
made  wdth  8  per  cent  of  binder;  they  were  similar  to  briquets  from 
Pennsylvania  No.  18  alone.  The  surfaces  were  smooth  and  hard,  the 
fractured  surface  being  smooth,  with  sharp  edges.  The  briquets 
could  be  handled  easily  while  warm,  and  did  not  crush  or  stick 
together  when  piled  w^arm. 

In  test  239,  using  equal  parts  of  Penjisylvania  No.  18  and  miscel- 
laneous No.  9,  the  briquets  were  softer  when  warm  than  those  of  test 
238,  but  could  be  handled  without  breaking;  they  were  very  hard 
when  cold  and  broke  without  crumbling;  the  fractured  surface  was 
rough  but  firm. 

In  test  240,  with  Pennsylvania  No.  18, 25  per  cent,  and  miscellaneous 
No.  9,  75  per  cent,  the  briquets  were  very  soft  when  warm  and  could 
not  be  handled  ^vithout  considerable  breakage,  but  w^ere  hard  when 
cold.  The  fractured  surface  was  very  rough,  with  edges  that 
crumbled  easily.  This  test  showed  the  necessity  of  handling  fuel 
mechanically  until  cold  to  prevent  breakage. 

In  test  243  equal  parts  of  Pennsylvania  No.  18  and  Rhode  Island 
No.  1,  both  in  run-of-minc  form,  were  used.  An  effort  was  made  to 
improve  the  burning  qualities  by  increasing  the  melting  point  of  the 
binder,  but  owing  to  the  hardness  of  the  pitch  used  and  insufhcient 
pressure  the  briquets  were  not  satisfactory.  They  could  not  be 
handled  when  warm  without  many  being  broken,  but  when  cold  were 
brittle,  producing  considerable  slack  in  handling.  No  physical  tests 
were  made. 
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In  test  248,  with  Pennsylvania  No.  18,  10  per  cent,  and  miscel- 
laneous No.  9,  90  per  cent,  the  briquets  had  the  characteristics  of 
those  from  test  240.  The  breakage  of  warm  briquets  in  falling  from 
the  machine  and  during  handling  with  the  coke  fork  was  fully  50 
per  cent,  showing  the  necessity  of  carefully  handling  the  briquets 
with  a  belt  conveyor  until  they  are  cool.  The  cold  briquets  were 
handled  satisfactorily. 

Briquetting  tests. 


Size  as  used: 

Over  J  inch per  cent. 

A  to  i  inch do. . . 

5>ff  to  tV  inch do . . . 

Vis  to  ifV  inch do. . . 

Under  v^  inch do. . . 

Details  of  manufacture: 

Machine  used 


Temperature  of  briquets °F . 

Binder- 
Kind  

Laboratory  No 

Amount. .". per  cent . 

Weight  of— 

Fuel  briquetted pounds. 

Briquets,  average do. . . 

Drop  test  (1-inch  screen): 

Held *- per  cent . 

Passed do . . . 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed  (fines) do . . . 

Fines  through  10-mesh  sieve do... 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent . 

Averageforflrstg^ays...............do... 

Si)ecific  gravity  (apparent) 


Test  No. 


1.0 
6.S 
14.2 

21.8 
56.2 

flienfrow 
t    No.  1. 
167 

W.G.P. 

4806 
8.0 

10,000 
0.485 

4H.0 
.52.0 

87.0 
13.0 

84.4 


13.9 


2.42 
1.165 


0.6 

6.2 

15.  0 

23.4 

54.  S 

Renfrow 
No.  1. 

167 

W.G.P. 
4806 
8.0 

8,000 
0.479 

56.5 
43.5 

78.5 
21.5 
92.6 

10 
15.8 
2.07 


16.6 
26.2 
48.0 

Renfrow 
No.  1. 
167 

W.G.P. 

4806 

8.0 

8,000 
0. 568 

40.0 
60.0 

90.0 

10.0 

100.0 

9 
14.0 


2.4 
1.280 


17.6 
25.2 
49.4 

Renfrow 
No.  1. 
185 

W.G.P. 

4625 

8.0 

2,000 


248. 


1.4 

8.4 

16.8 

29.0 

44.4 

Renfrow 

No.  1. 
158 

W.G.P. 

4879 
8.0 

2,000 
0. 479 

61.0 
39.0 

80.0 
20.0 
85.2 

23 
19.5 


2.68 
1.148 


Chemical  aiialyses  of  coal  and  briquets. 


Car 
sample. 


Raw 

fuel. 


Test  196. 


Test  197. 


Laboratory  No 

Pro.ximate: 

Air-drying  loss 

Moistiire 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur , 

Ultimate: 

Hydrogen , 

Carbon 

Nitrogen , 

Oxygen 

Extract  by  CSj  (as  received). 
Pitch  in  briquet  by  analysis. 
Heat  value 


.per  cent . . 

do 

do.... 

do..., 

do..., 

do.... 


...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
.B.  t.u. 


4509 

4.10 
4.46 
15.44 
71.63 

8.47 
1.49 

4.50 

81.05 

1.34 

2.68 


8.10 
8.72 


3.25 

IS.  17 

69.87 

8.71 

1.42 

4.12 
81.41 
1.19 
2.81 
5.44 
5.36 
14,029 


4755 

5.10 
5  95 
18.41 
67.00 
8.64 
1.34 

4.16 
80.41 
1.19 
3.63 
5.61 
5.56 
13,442 


5052 


3.01 

17.84 

70.53 

8.62 

1.38 

4.13 

82.27 
1.27 
2.02 
4.68 
4.51 
13,946 


DETAILS   OF   BRIQUETTING   TESTS. 
Chemical  analyses  of  coal  and  briquets — Continued . 
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Tests  201 
and  202. 


Tests  205 
and  232. 


Test  236. 

Test  238. 

4797 

4930 

3.80 

1.00 

4.71 

1.S3 

18. 43 

15.05 

69.14 

•      69. 52 

7.72 

13.  60 

1.19 

1.61 

4.40 

3.12 

81.77 

77.24 

1.26 

.70 

3.22 

3.48 

7.38 

7.21 

6.98 

7.17 

13,873 

13,185 

Test  239. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent . . 

Moisture do 

Volatile  matter do 

FLxed  cai'bon do 

Ash. ..' do 

Sulphur do 

Ultimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do 

Extract  by  CS2  (as  received) do 

Pitch  in  briquet  by  analysis do 

Heat  value B .  t.  u . . 


4512 

3.90 
4.05 
19.68 
66.56 
9.71 
1.72 

4.29 
79.76 
1.05 
2.99 
5.73 
5.70 
13,547 


2.41 
19.41 

68.86 
9.32 
1.75 

4.10 
81.20 
1.11 
2.25 
8.11 
7.78 
13, 937 


4932 

0.90 
1.30 
13.  73 
69.67 
13.50 
1.19 

2.81 

70.94 

.75 

8.79 

7.52 

7.35 

12, 787 


Laboratory  No 

Proximate: 

Moisture per  cent . 

Volatile  matter do. .. 

Fixed  carbon do . . . 

Ash do . . . 

Sulphur do. . . 

Ultimate: 

Hydrogen do . . . 

Carbon do. . . 

Nitrogen do. . . 

Oxygen do. . . 


Rhode 

Test  240. 

Test  243. 

Test  250. 

Island 

No.  1. 

4977 

4S32 

4906 

3216 

L06 

1.34 

2.55 

2.41 

15.87 

16.39 

24. 23 

4.92 

69.24 

70.34 

62.80 

73. 61 

13. 83 

11.93 

10.42 

19.06 

1.44 

1.37 

1.99 

.07 

2.81 

3.46 

4. 36 

.65 

76.02 

77.79 

78.64 

76.95 

.81 

.53 

.88 

.17 

4.92 

4.74 

3.39 

2.63 

Miscel- 
laneous 
No.  9. 


4763 
L95 


75. 50 
21.66 


Extraction  analyses. 


Laboratory  No 

Air-drying  loss. .  .per  cent. . 

Extract  by  CS2  (as  received) 
percent 

Pitch  in  briquet  by  analy- 
sis   per  cent . . 

Heat  value B.  t.  u.. 


Pitches. 


4625 


90.56 
i6,'576' 


4683 


89. 31 
i6"637' 


4806 


96.90 
i6,'864' 


Fuel. 


Rhode 
Island 
No.  1. 


3216 
2.00 


.02 


Miscel- 
laneous 
No.  9. 


4763 
1.30 


10, 870 


Briquets. 


Test  240. 


4977 


7.14 
12,  721 


Test  243. 


4832 
0.70 


9.41 
13,387 


Test  250. 


4906 
L70 


7.96 


7.33 
13,680 


PENNSYLVANIA  NO.  19. 

Bituminous  run-of-mine  coal  from  the  Pittsburgh  bed  oiie-fourth 
mile  north  of  Herminie,  Westmoreland  County,  on  the  Pennsylvania 
Railroad,  was  designated  Pennsylvania  No.  19,  and  a  pai't  of  the 
sample  was  used  in  briquetting  tests  218,  219,  and  242.  Steaming 
test  508  was  made  of  equal  quantities  of  briquets  from  briquetting 
tests  218  and  219. 

In  tests  218,  219,  and  242  the  size  of  coal  used  was  as  follows: 
Over  one-fourth  inch,  3  per  cent;  one-tenth  inch  to  one-fourth  inch, 
8.8  per  cent;  one- twentieth  inch  to  one- tenth  inch,  17  per  cent;  one- 
fortieth  inch  to  one-twentieth  inch,  26.3  per  cent;  through  one- 
fortieth  inch,  47.6  per  cent. 
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Briquets  with  6,  7,  and  8  per  cent  of  binder  appeared  equally  satis- 
factory. Their  edges  were  sharp,  their  surfaces  hard  and  smooth, 
and  their  fracture  clear  with  firm  edges.  Renfrow  briquets  had  a 
glossy  surface.     All  briquets  stood  handling  and  piling  well. 

Briquetting  tests. 


Test  No. 


242. 


Details  of  mnnufacture: 

Machine  used 

Temperature  of  briquets °F 

Binder- 
Kind  

Laborator}'  No ■ 

Amount per  cent 

Weight  of— 

Fuel  briquetted pounds 

Briquets,  average ...do.. 

Drop  test  (1-inch  screen): 

Held per  cent 

Passed do. . 

Tumbler  test  (1-inch  screen): 

Held do.. 

Passed  (fines) do. . 

Fines  through  lo-mesh  sieve do. . 

Absorption  test: 

Time  immersed days 

Water  absorbed per  cent 

Average  for  first  8  days do. . 

Specific  gravity  (apparent) 


English. 
185 

W.  G.  P. 

4683 
6 

8. 000 
3.  ()5 

73.8 
26.2 

75.6 
24.4 
70. 0 

13 

8.6 

1.0 

1.124 


English. 

185 

W.  (i.  P. 

46.>« 


4,  000 
3.74 

78.5 
21.5 

78.  S 
21.2 
05.0 

13 

8.4 

1.0 

1.133 


Renfrow  No.  1. 
149 


G.  P. 

4806 


4,000 
0.431 

78.5 
21.5 

91.5 

8.5 

90.09 

10 

7.9 

1.0 

1.125 


Chemical  analyses  of  coal  and  briquets. 


Car 

Tests  218 

sample. 

and  219. 

4489 

4648 

3.39 

5.12 

31.79 

33. 00 

56.46 

54. 36 

8.36 

7.52 

1.05 

1.05 

4.85 

4.70 

77.03 

77.93 

1.44 

1.41 

6.94 

6.86 

Test  242. 


Laboratory  No 

Pro.ximate: 

Moisture per  cent 

Volatile  matter do. . 

Fi.xed  carbon do. . 

Ash do. . 

Sulphur do. . 

Ultimate: 

Hydrogen do. . 

Carbon do. . 

Nitrogen do.. 

Oxygen do. . 


4828 

1.75 

33. 50 

55.24 

9.51 

1.36 

4.52 

75.91 

1.35 

7.16 


Extraction  analyses. 


Pitches. 


Fuel. 


Pa.  No. 
19. 


Briquets. 


Tests  218 
and  219. 


Test  242. 


Laboratory  No 

A  ir-dry ing  loss 

E.xtraeted  by  CSj  (as  received). 

Pitch  m  briquet  by  analysis 

Heat  value 


4806 


.per  cent. 

do... 

do... 

,..B.  t.  u. 


4489 
2.40 


89.31 
'16,637' 


96.90 
'i6,'864' 


13,699 


4648 
4.00 
5.80 
5.71 
13,540 


4828 
0.50 
9.16 
8.21 
13,646 


DETAILS   OF   BEIQUETTING   TESTS. 
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PENNSYLVANIA  NO.  20. 

Semibituminous  run-of-mine  coal  from  the  Lower  Eattanning  or  B 
bed,  1^  miles  east  of  Seward,  Westmoreland  County,  on  the  Pennsyl- 
vania Railroad,  was  designated  Pennsylvania  No.  20,  and  a  part  of 
the  sample  was  used  in  briquetting  tests  198,  208,  209,  212,  213,  215, 
and  216.  Steammg  test  512  was  made  with  equal  weights  of  briquets 
from  briquetting  tests  215  and  216.  Steaming  test  514  was  made 
with  equal  weights  of  briquets  from  tests  208  and  209. 

In  tests  198,  208,  and  209  the  size  of  coal  used  was  as  follows: 
Over  one-fourth  inch,  0.8  per  cent;  one- tenth  mch  to  one-fourth  inch, 
3.6  per  cent;  one-twentieth  inch  to  one-tenth  inch,  11.2  per  cent;  one- 
fortieth  inch  to  one- twentieth  inch,  27  per  cent;  through  one- 
fortieth  mch,  57.4  per  cent.  Briquets  from  both  machines  had  sim- 
ilar appearance,  with  smooth,  hard  surface;  were  very  brittle  and 
broke  with  a  glossy  fracture  and  sharp  edges.  The  percentage  of 
binder  seemed  to  have  little  effect  on  their  brittleness,  although  Ren- 
frow  briquets,  with  8  per  cent  of  binder,  handled  with  less  breakage. 

In  tests  212,  213,  215,  and  216  washed  coal  was  used  in  sizes  as 
foUows:  Over  one-fourth  inch,  0.8  per  cent;  one- tenth  inch  to  one- 
fourth  inch,  4.8  per  cent;  one-twentieth  inch  to  one-tenth  inch,  16 
per  cent;  one-fortieth  inch  to  one- twentieth  inch,  26  per  cent; 
through  one-fortieth  inch,  52.4  per  cent.  There  was  no  noticeable 
difference  between  the  briquets  from  this  test  and  those  made  from 
raw  coal. 

Briquetting  tests. 


DetaUs  of  manufacture: 

Machine  used 

Temperature  of  briquets, °F . 
Binder — 

Kind 

Laboratory  No 

Amount,  per  cent 

Weight  of— 

Fuel  briquetted,  pounds 
Briquets,   average, 

pounds 

Drop  test  (l-inch  screen): 

Held,  per  cent 

Passed,  per  cent 

Tumbler  test  (1-inch  screen): 

Held,  per  cent 

Passed  (fines),  per  cent.. . . . 
Fines  through  10-mesh  sieve, 

per  cent 

Absorption  test: 

Time  immersed,  days 

Water  absorbed,  per  cent. .. 
Average  for  first  5  days,  per 

cent 

Specific  gravity  (apparent) 


Test  No. 


English. 

158 

W.  G.  P. 

46cS3 

6 

3,200 

3.52 

74.8 
25.2 

71.0 
29.0 

65.4 

13 

14.5 

2.34 
1.141 


Renfrow 

No.  1. 

158 

W.  G.  P. 
4683 

7 

4,500 

0. 451 

19.5 
80.5 

54.0 
46.0 


13 
15.5 


2.78 
1.11 


209. 


Renfrow 

No.  1. 

158 

W.  G.  P. 

4683 


8,000 
0.4,57 


26.0 
74.0 


61.5 
38.5 


86.4 


13 
15.5 


2.66 
1.127 


Renfrow 

No.  1. 

153 

W.G.  P 

4683 

7 

6,500 

0.427 

23.0 
77.0 


67.0 
33.0 


91.6 


13 
19.0 


3.1 
1.043 


213. 


Renfrow 

No.  1. 

158 

W.  G.  P. 
4683 


6,500 
0.45S 


19.5 
80.5 


64.0 
36.0 


87.3 


13 
14.5 


2.50 
1.144 


Englisli. 

176 

W.  G.  P. 

4683 

6 

6,400 

3.63 

74.6 
25.4 

74.0 
26.0 


13 
9.5 


1.56 
1.148 


216. 


English. 

176 

W.  G.  P. 

4683 

7 

3,300 

3.44 

71.9 
28.1 

70.0 
29.5 


13 
11.0 


1.56 
1.121 
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Chemical  analyses  of  coal  ami  briquets. 


Raw 
fuel. 

Washed 
fuel. 

Test  198. 

Tests  208 
and  209. 

Test  212. 

Test  213. 

4517 

4498 

4769 

4713 

4726 

4885 

4.00 

3.98 

6.16 

2.79 

3.50 

1.23 

15.89 

28. 13 

19. 23 

21,11 

19.98 

20.58 

69.57 

57.73 

64.38 

67.79 

67.71 

67.74 

10.54 

10.16 

10.23 

8.31 

8.81 

10.45 

2.85 

1.00 

2.68 

1.91 

1.69 

2.98 

4.53 

4.71 

4.20 

4.42 

4.39 

4.56 

78. 55 

76.38 

7K.12 

80.25 

81.06 

79.21 

1.17 

1.59 

1.09 

1.09 

1.06 

1.12 

1.80 

5.70 

2.83 

3.73 

2.72 

1.51 

Tests  21c 
and  216. 


Laboratory  No 

Proximate; 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


.per  cent. 

do... 

do... 

do... 

,....do... 


.do. 
.do. 
.do. 
.do. 


4726 

3.50 
19.98 
67.71 
8.81 
1.59 

4.39 

81.06 

1.06 

2.72 


Extraction  analyses. 


Pitch. 


Fuel. 


Briquets. 


Test 
198. 


Tests 

208  and 

209. 


Test 
212. 


Tost 
213. 


Tests 

215  and 

216. 


Laboratory  No 

Air-drying  loss per  cent. 

Extract  by  CSs  (as received). do. . . 
Pitch  in  briquet  by  analysis. do. . . 
Heat  value B.  t.  u. 


4683 


4517 
3.60 


89.31 
i6,'637' 


13,347 


4498 
3.10 
0.99 


13,311 


4769 
5.50 
5.29 
5.00 
13, 198 


4713 
2.00 
6.72 
6.49 
13, 981 


4726 
3.10 
6.61 
6.37 
13,988 


4885 
0.60 
7.98 
7.92 
13, 896 


4726 
3.10 
6.61 
6.37 
13,988 


PENNSYLVANIA  NO.  22. 

Bituminous  nm-of-mmo  coal  from  the  Pittsburgh  bed  at  Huff, 
Westmoreland  County,  on  the  Pennsylvania  Railroad,  was  designated 
Pennsylvania  No.  22  and  a  part  of  the  sample  was  used  in  briquetting 
tests  211, 222,  and  223.  Steaming  test  510  was  made  of  equal  weights 
of  briquets  from  briquetting  tests  222  and  223. 

In  tests  211,  222,  and  223  the  size  of  coal  used  was  as  follows: 
Over  one-fourth  inch,  1.6  per  cent;  one-tenth  inch  to  one-fourth  inch, 
17.8  per  cent;  one-twentieth  inch  to  one-tenth  inch,  33.4  per  cent; 
one-fortieth  inch  to  one-twentieth  inch,  23.2  per  cent;  thi-ough  one- 
fortieth  inch,  24  per  cent.  English  briquets  with  7  per  cent  of  binder 
showed  better  outer  surface  than  those  with  6  per  cent  of  binder. 
The  surfaces  of  all  the  briquets  were  hard,  clean,  sharp,  and  glossy, 
with  characteristic  fracture.  Renfrow  briquets  droi)ped  from  (he 
conveyor  belt  without  breakage. 


DETAILS   OF   BRIQUETTING  TESTS. 

Briquetting  tests. 
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Test  No. 


211. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets °F. . 

Binder — 

Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquets,  average do 

Drop  test  (1-inch  screen): 

Held per  cent.. 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed  (fines) do 

Fines  through  10-mesh  sieve do 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  5  days do 

Specific  gravity  (apparent) 


Renfrow 
W. 


No.l. 
158 


G.  P. 

4683 


4,000 
0.442 

54.5 
45.5 

85.0 
15.0 
90.8 

13 

11.7 

1.78 

1.110 


English. 
185 

W.  G.  P. 

4683 


19,000 

3.87 

79.8 
20.2 

73.7 
26.3 
65.0 

13 

9.6 

1.48 

1.160 


English. 
158 

W.  G.  P. 

4683 
6 

3,200 
3.93 

62.2 
37.8 

67.8 
32.2 
70.0 


1.38 
1.164 


Chemical  analyses  of  coal  and  briquets. 


Raw 
fuel. 

Test  211. 

Test  222. 

4498 

4684 

4704 

3.98 

2.21 

5.15 

28.13 

32.11 

29.60 

57.73 

55.12 

55.08 

10.16 

10.56 

10.17 

1.00 

1.13 

1.17 

4.71 

4.53 

4.46 

76.38 

75.71 

75.40 

1.59 

1.39 

1.39 

5.70 

6.41 

6.80 

Test  223. 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter . 

Fixed  carbon . . . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

OxTgen 


.per  cent 

do.. 

do.. 

do.. 

do.. 


-do., 
.do., 
.do., 
.do.. 


4706 

3.55 
30.57 
54.27 
11.61 

1.07 

3.55 

75.94 

1.24 

6.12 


Extraction  analyses. 


Pitch. 


Fuel. 


Pa. 

No.  22. 


Briquets. 


Test  211.    Test  222.    Test  223 


Laboratory  No 

Air-drying  loss 

Extract  by  CSs  (as  received) . 
Pitch  in  briquet  by  analysis. 
Heat  value 


.percent. 

do... 

do... 

..B.t.u. 


4683 


89.31 
'i6,'637' 


4498 

3.10 

.76 


13,311 


4684 
1.10 
6.77 
6.78 
13,561 


4704 
4.00 
5.45 
5.30 
13,183 


4706 
2.30 
6.20 
6.09 
13, 275 


PENNSYLVANIA— JAMESTOWN  NO.  18. 


The  coal  designated  Jamestown  No.  18  was  anthracite  coal  of  buck- 
wheat size  and  was  briquetted  in  a  mixture  with  Jamestown  No.  11 
coal  in  test  290.  The  data  obtained  from  this  test  are  presented  in  the 
section  entitled  "West  Virginia — ^Jamestown  No.  11." 
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PHILIPPINE    ISLANDS— PITTSBURGH   NO.   112. 

A  sample  of  5  tons  of  run-of-mine  subbituminous  from  Batan 
Island,  one  of  the  Philippine  Islands,  was  furnished  by  the  Bureau  of 
Insular  Affairs,  War  Department,  for  tests  and  was  designated  Pitts- 
burgh No.  112.  Apart  of  the  sample  was  tested  on  the  hydraulic- 
laboratory  press  and  later  two  series  of  tests  of  the  coal  were  made 
under  the  writer's  supervision  at  the  plant  of  the  Indianapolis  Pressed 
Fuel  Co.,  Indianapolis,  Ind.,  as  the  English  machine  of  the  briquetting 
section  was  not  in  condition  to  make  these  tests  and  as  the  use  of  the 
commercial  plant  was  kindly  offered  by  G.  W.  Ladley,  secretary  and 
treasurer  of  the  company. 

The  fuel  has  a  structure  similar  to  bitummous  coal  and  yet  the  analy- 
sis would  indicate  that  it  is  a  lignite,  although  very  near  the  sub- 
bitummous  classification,  the  carbon-hydrogen  ratio  of  the  coal  being 
10:  .66 .  This  coal  is  very  weak  and  easily  crushed  to  the  fineness  desired 
for  briquetting.  On  account  of  its  structural  weakness  briquetting  was 
expected  greatly  to  improve  this  fuel,  making  it  stronger,  of  better 
heating  value,  and  of  better  weather-resisting  qualities. 

The  first  series  of  tests  at  the  plant  of  the  Indianapolis  Pressed  Fuel 
Co.  was  made  of  fuel  that  had  been  dried  and  crushed  at  the  Pitts- 
burgh plant  of  the  bureau.  The  second  series  of  tests  at  the  Indian- 
apolis plant  was  made  of  fuel  that  had  been  crushed  at  the  Pittsburgh 
plant  of  the  bureau  but  had  not  been  dried.  Two  varieties  of  tests 
were  made  in  each  series,  namely:  (1)  Tests  (331  to  346)  in  which 
the  material  was  mixed  and  run  through  the  Indianapolis  plant  in  the 
regular  manner.  (2)  Tests  (347  to  353)  in  which  the  material  was 
mixed,  heated  in  small  lots,  and  placed  in  molds  of  the  Ladley  press 
by  hand,  being  pressed  in  the  usual  manner. 

The  tests  made  by  the  first  method  were  not  so  successful  as  those 
made  by  the  second  method  in  which  the  mixture  of  fuel  and  binder 
was  heated  in  small  lots  and  placed  in  the  molds  by  hand,  as  the 
machmewas  adjusted  and  proportioned  for  pressing  bituminous  coal. 
Therefore  the  length  of  travel  of  the  plungers  was  not  sufficient  prop- 
erly to  compress  a  spongy  material  like  the  Philippine  lignite  when 
•the  molds,  were  filled  in  the  usual  manner.  This  result  should  not 
be  considered  a  fault  of  the  machine,  as  with  a  different  cam  the 
same  machme  could  be  adapted  to  compress  a  lignite  properly. 

A  description  of  the  Ladley  press  used  for  these  tests  is  given  on 
page  36. 

The  small  quantity  of  fuel  available  for  these  tests  (only  5  tons) 
did  not  allow  as  wide  a  range  of  tests  on  the  Ladley  press  as  could  be 
desired,  but  the  results  obtained  were  sufficient  to  determine  that 
this  coal  can  be  made  into  excellent  briquets  with  some  of  the  binder 
used  in  the  tests. 
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The  relative  weather-resisting  qualities  of  the  different  briquets 
are  shown  by  the  results  of  the  absorption  test,  in  which  the  briquets 
were  immersed  in  water  and  the  percentage  of  water  absorbed  de- 
termmed  daily.  Briquets  that  do  not  go  to  pieces  quickly  in  the 
absorption  test  will  stand  the  weather  well. 

The  amount  of  moisture,  the  size  of  coal  used,  and  the  numbers  of 
tests  made  on  each  of  the  two  lots  is  shown  below: 

Tests  on  suhhituminous  coal  from  Baton  Island,  P.  I. 


Series  of  tests. 


First. 


Second. 


Lot  A.       Lot  B.o 


TestNos 

Percentage  of  moisture  in  fuel 

Size  as  used: 

Over  J  inch per  cent 

J  to  tV  inch do. . 

tV  to  tV  inch do. . 

A  to  :^  inch do. . 

Through  -^g  inch do. . 


331-341 
7.22 

1.0 
14.0 
30.0 
27.7 
27.3 


342-345 
17.99 

11.2 
29.0 
29.3 
17.5 
13.7 


346-353 
17.99 

1.0 
14.0 
30.0 

27.7 
27.3 


a  Same  sample  as  lot  A,  but  lot  B  was  screened  through  a  J-inch  screen  to  remove  large  pieces. 

The  data  obtained  at  the  Indianapolis  tests  are  given  in  the  follow- 
ing table: 

Briquetting  tests. 


Test  No. 

331. 

332. 

333. 

334. 

335. 

Details  of  manufacttire: 

Machine  used 

Ladley. 
186 

(a) 

34 
6 

200 

8 

14.08 

0.0 
100.0 

0.5 
See  text. 

Ladley. 
184 

(a) 

34 
10 

400 

8 

13.65 

56 
44 

0.5 
See  text. 

Ladley. 

188 

Cell  pitch. 

9298 

10 

150 

7.5 

12.50 

26 
74 

0.5 
See  text. 

Ladley. 
185 

C.  T.  P. 

12009 
6 

400 

6.5 

14.76 

2 
98 

20 

28.36 

4.97 

0.958 

Ladley. 
185 

C   T   P 

Briquetting  temperature °F . . 

Binder- 
Kind  

Laboratory  No 

12009 

Amoimt per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet,  average ounces. . 

Moisture  in  briquet  mixture ■pev  cent. . 

Drop  test  (1-inch  screen): 

Held do.... 

Passed do 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days do . 

8 

400 

6.5 

20.29 

24 
76 

23 

36.11 

8.33 

Specific  gravity  (apparent) 

1.098 

1.163 

1.068 

0. 892 

o  Sulphite  liquor. 
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FUEL-BEIQUETTING   INVESTIGATIONS. 
Briquetting  tests — Continued. 


Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F . . 

Binder- 
Kind ...-•. 

Laboratory  No 

Amoimt. per  cent. . 

Weight  of— 

Fuel  briquetted.  .■ pounds. . 

Briquet,  average ounces. . 

Moisture  in  briquet  mixture per  cent. . 

Drop  lost  (1-inch  screen): 

Held do.... 

Passed do  — 

Absorption  test: 

Time  immersed days. . 

WaU'r  absorbed per  cent. . 

Average  for  first  3  days do. 

Specific  gravity  (apparent) 


Test  No. 


Ladloy. 
200 

C.  T.  P. 
12009 

7 

800 

7 

11.48 


20 
24.96 
3.38 
1.024 


Ladley. 
208 

C.  T.  P. 
12009 


500 

7 
11.60 

3 
97 

20 

29.53 

5.19 

0.971 


Ladlev. 
194 

C.  T.  P. 

12009 

6.5 

1,600 

7 

11.84 

15 
85 

20 

30.38 

5.59 

0.960 


339. 


Ladlev. 
195 

C.  T.  P. 

12009 

5.5 

400 
6.5 

14.01 


16 

31.02 

6.17 

0.936 


344. 


Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F . . 

Binder- 
Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet,  average ounces. . 

Moisture  in  briquet  mi.xtm-e per  cent. . 

Drop  test  (1-inch  screen): 

Held do.... 

Passed do 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


Ladley. 
200 

Cell  pitch. 

9298 

12 

400 

7 

15.18 

77 
23 

0.5 
See  text. 


Ladley. 
200 

W.  G.  P. 
12010 


200 


0.0 
100 

5 

13.78 
4.26 
1.096 


Ladley. 
201 

W.  G.  P. 

12010 


200 

7 

23.67 


12.0 


14 
19.31 
4.70 
1.059 


Ladlev. 
200 


Flour. 
11976 


250 

8 

25.31 


0.5 

See  text. 


1.177 


Test  No. 


348. 


349. 


Details  of  manufacture : 

Machine  used ^.  ■ 

Briquetting  temperature °F . . 

Binder — 

Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet,  average ounces. . 

Moisture  in  briquet  mixture per  cent. . 

Drop  test  (1-inch  screen): 

Held do. . . . 

Passed do 

Absorption  test: 

Time  immersed days. . 

Water  absorted per  cent. . 

Average  for  first  4  days do 

.Specific  gravity  (apparent) 


Ladley. 
135 

W.  G.  P. 

12010 

10 

250 

8 

20.79 

11 

89 

14 
22. 02 


Ladley. 
210 

W.  G.  P. 

12010 
6 

200 

8.5 

14.12 

(<^) 

15 
18. 97 
4.19 
1.001 


Ladley. 
6  158 

W.  G.  P. 

12010 


25 
9 

16.46 


(«) 


20 
19. 16 
4.13 
1.067 


Ladley. 
6158 

W.  G.  P. 

12010 
10 

20 
10.5 
16.30 

32 
68 

20 
18.49 
3.90 
1.086 


a  There  were  not  enough  briquets  to  make  this  test. 

b  Heated  over  gasoline  stove. 

c  There  were  not  sufficient  briquets  for  this  test. 

d  Tests  Nos.  347  to  353  were  heated  in  small  lots  and  fillod  into  molds  by  hand. 
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Briquetting  tests — Continued. 
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Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F . . 

Binder — 

Kind 

Laboratory  No 

Amount percent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet,  average do 

Moisture  in  briquet  mixture per  cent. . 

Drop  test  (1-inch  screen): 

Held do.... 

Passed do 

Absorption  test: 

Time  immersed days.. 

Water  absorbed per  cent. . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


Test  No. 


Ladley. 
210 

W.  G.  P. 

12010 
10 

20 

10 

19.01 

(0 


14 
14.30 
3.63 
1.108 


Ladley. 
210 

(a) 

6  and  6 

400 

10 

19.23 

94 


3 
8.31 
2.77 
1.189 


Ladley. 
210 

(") 

5  and  5 

100 

9.5 

19.50 


2 
12.05 


1.150 


oW.  G.  P.  and  flour. 
6 12010  and  11976. 


c  There  were  not  enough  briquets  to  make  this  test. 


Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Pro.ximate: 

Air-drying  loss per  cent 

Moisture do.. 

Volatile  matter do . . 

Fixed  carbon do. . 

Ash do. . 

Sulphur do.. 

Ultimate: 

Hydrogen do . . 

Carbon do . . 

Nitrogen do .  . 

Oxygen do . . 

Extract  by  CSj  (as  received) do. . 

Heat  value B.  t.  u 

Specific  gravity 


Kaw 

fuel. 


11114 

5.7 
20.08 
.36.  73 
36.  60 
6.53 
1.43 

4.67 
60.33 

1.25 
17.79 

1.79 
9,176 
1.31S 


Raw 

fuel.o 


11975 

6.60 
17.99 

37. 48 
35. 00 
9.53 

1.58 

4.40 

62.  46 

1.27 

18.32 


8  822 


Test  331. 


12037 


14.  OS 
35.  48 
41.13 
9.31 
1.96 


Test  332. 


12038 

4.90 
13.65 
37.70 
39.94 
8.71 
1.87 


9,565 


Test  333. 


12039 

4.50 
12.50 

38. 16 
40.43 
8.91 
2.02 


9,842 


Test  No. 


3.38. 


Laboratory  No 

Air-drying  loss per  cent . 

Moisture do . .  . 

Volatile  matter do... 

Fixed  carbon do. . . 

Ash do... 

Sulphur do . . . 

Heat  value B.  t.  u. 


12040 

5.90 

14.76 

36.35 

40.36 

8.53 

1.62 

9,655 


11520 
16.30 
20.29 
33. 13 
38.34 
8.24 
1.58 
9,230 


11518 
5.40 
11.48 
39.85 
39.60 
9.07 
1.66 
9,950 


11517 
5.20 
11.60 
40.65 
39.92 
7.83 
1.57 
10, 109 


11521 

6.20 

11.84 

39. 95 

39. 53 

8.68 

1.58 

9,923 


a  Analysis  of  second  lot  of  fuel  tested  at  Indianapolis  plant. 
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FUEL-BRIQUETTING  INVESTIGATIONS. 
Chemical  analyses  of  coal  and  briquets — Continued. 


Test  No. 


Laboratory  No 

Air-drying  los,s percent.. 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do — 

Heat  value B.  t.  u.. 


12041 

4.40 

14.01 

38. 67 

39.37 

7.95 

1.55 

9,754 


12042 

5.00 

14.72 

37. 97 

39. 24 

8.07 

1.48 

9,594 


11519 

9.40 

15.18 

39.70 

36.12 

9.00 

1.94 

9,169 


11962 
16.60 
23.56 
32.  43 
34.90 
9.11 
1.92 
8,743 


11963 
14.80 
23.67 
34.30 
33.64 
8.39 
1.53 
8,658 


Test  No. 


347. 


Laboratory  No 

Air-drying  loss per  cent 

Moisture do. . 

Volatile  matter do. . 

Fixed  carbon do . . 

Ash do.. 

Sulphur do. . 

Heat  value B.  t.  u 


11964 
16.00 
2.D.  31 
33.04 
33. 19 
8.46 
1..54 
8,307 


11966 
15.60 
24.09 
34.  38 
33. 01 
8.52 
1.47 
8,730 


11967 
10.70 
20.79 
37.  IS 
33.33 
8.70 
1.50 
9,036 


11968 
2.40 
14.12 
38. 96 
37.28 
9.64 
1.60 
9,639 


11969 

4.90 

16. 46 

38. 15 

36.57 

8.82 

1.51 

9,497 


Laboratory  No 

Air-drying  loss per  cent 

Moisture do. . 

Volatile  matter do . . 

Fixed  carbon do . . 

Ash do.. 

Sulphur do . . 

Heat  value B.t.u 


Test  No. 


11970 

3.60 

16.30 

38.36 

36.50 

S.84 

1.53 

9,531 


11971 

1.00 

11.79 

41.  8S 

37. 35 

8.98 

1..59 

9,293 


11972 

9.50 

19.01 

39. 26 

33. 22 

8.51 

l..i0 

9,241 


11973 

9.30 

19. 23 

40.02 

32.40 

8.  .35 

1.43 

8,822 


353. 


11974 

5.40 

19.50 

3S.  03 

34.05 

8.42 

1.40 

8,930 


A  series  of  laboratory  experiments,  45  in  number,  was  also  made  on 
this  fuel.     The  results  are  discussed  on  pages  79  to  84. 

In  test  331  coal  and  thick  sulphite  liquor  were  mixed  with  shovels 
after  the  liquor  had  been  softened  with  steam  from  the  steam  jet. 
The  mixture  was  run  into  the  measuring  machine  and  then  through 
the  rest  of  the  plant.  The  briquets  made  were  soft  and  did  not  have 
sufficient  bmder.  Therefore  6  per  cent  of  sulphite  liquor  is  not 
sufficient  for  this  material.  When  air-dried,  the  briquets  were  very- 
soft  and  crumbly,  the  shape  was  spoiled,  and  the  surfaces  were 
badly  rubbed  off  by  transportation.  In  the  absorption  test  the  bri- 
quets went  to  pieces  in  water  a  few  hours  after  immersion. 

In  test  332  fuel  and  sulphite  liquor  were  mixed  by  hand  after  the 
bmder  had  been  melted  by  heating  it  in  the  water  bath  and  applying 
steam  from  the  steam  jet.  The  materials  balled  considerably  in 
the  mixing.  The  briquets  were  a  decided  improvement  on  those 
made  with  6  per  cent  of  binder,  but  were  not  very  strong  when  just 
made.     It  was  indicated  that  with  a  proper  dryer  for  the  briquets 
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a  satisfactory  briquet  can  be  made  with  this  binder.  After  standing 
a  day  the  briquets  were  firm  and  strong;  hence  10  per  cent  of  sulphite 
liquor  was  sufficient  to  make  a  satisfactory  briquet  of  this  coal;  14 
])er  cent  would  be  better  if  the  briquets  were  not  to  be  used  immedi- 
ately. In  the  absorption  test  the  briquets  went  to  pieces  a  few  hours 
after  immersion. 

In  test  333  coal  and  ground  pitch  were  mixed  by  means  of  shovels, 
were  thrown  through  the  chute  into  the  coal  compartment  of  the 
measurmg  machine,  and  were  heated  by  the  steam  heater,  after  which 
the  mixture  was  pressed  m  the  usual  way.  The  briquets  were  weak 
when  fresh  and  seemmgly  there  was  not  sufficient  quantity  of  the 
material  (150  pounds)  to  fill  the  boxes  properly.  Some  of  the  material 
was  put  into  the  molds  by  hand  and  compressed,  making  much 
stronger  briquets.  When  air-dried  the  shape  was  good,  the  edges 
were  fair,  and  the  strength  was  fair;  the  surfaces  rubbed  off  somewhat 
too  easily.  In  the  absorption  test  the  briquets  went  to  pieces  a  few 
hours  after  immersion. 

In  test  334  the  fuel  and  pitch  were  mixed  cold  and  fed  into  the 
measurmg  machine.  When  freshly  made  the  briquets  were  not  very 
strong,  and  it  appeared  that  the  mold  boxes  were  not  properly  filled. 
Some  of  the  briquets  were  fairly  satisfactory,  however,  and  6  per 
cent  of  this  binder  may  be  sufficient.  When  air-dried  the  shape  of 
the  briquets  was  poor,  the  surfaces  were  rough  and  crumbly,  and  the 
edges  brittle  and  weak.  These  briquets  were  unsatisfactory,  being 
very  weak.  They  resisted  the  water  in  the  absorption  test  very 
well,  but  the  amount  of  water  absorbed  indicated  too  much  porosity 
and  an  insufficient  compression.  The  briquets  were  lighter  than 
water. 

In  test  335  the  fuel  and  the  pitch  were  mixed  by  hand  and  fed  into 
the  measuring  machine.  The  briquets  were  stronger  than  those 
made  with  6  per  cent  of  bmder,  but  8  per  cent  was  seeminglj^  more 
than  was  necessary.  The  surfaces  of  the  briquets  were  rough  and 
there  was  too  much  moisture  present.  When  air-dried,  the  shape  of 
the  briquets  was  poor,  the  surfaces  were  rough  and  crumbly,  and  the 
edges  weak.  The  briquets  were  not  satisfactory,  being  very  weak. 
They  were  lighter  than  water  and  the  water  absorbed  in  the  absorp- 
tion test  indicated  too  much  porosity  and  too  little  compression. 

In  test  336  pitch  and  coal  were  mixed  by  hand  and  fed  into  the 
measuring  machine,  a  large  amount  of  material  being  used  so  that 
the  mold  might  fill  better.  The  machine  was  stopped  by  the  action 
of  the  pitch,  few  briquets  being  obtained.  The  shape  of  the  air-dried 
briquets  was  poor,  the  surfaces  were  rough  and  very  crumbly,  and 
the  edges  very  weak.  The  briquets  stood  the  absorption  test  well 
and  should  resist  weathering  well. 
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In  test  337  fuel  and  a  binder  of  coal-tar  pitch  were  mixed  dry  and 
shoveled  into  the  measuring  machine.  The  briquets  were  fairly 
strong  when  fresh,  and  seemingly  had  sufficient  pitch  and  an  excess 
of  water.  The  shape  of  the  air-dried  briquets  was  very  poor,  the 
surfaces  were  very  rough  and  crumbly,  and  the  edges  rounded  and 
crumbly.  The  briquets  were  weak  and  wore  away  very  easily. 
The  absorption  test  indicated  that  the  briquets  were  too  porous  and 
required  more  compression.     They  were  lighter  than  water. 

In  test  338  fuel  and  pitch  were  mixed  by  hand  and  fed  into  the 
measurmg  macMne.  The  briquets  were  run  out  to  the  belt  con- 
veyor, but  the  fan  was  not  workhig,  and  few  of  them  were  good  as 
they  fell  off  the  end  of  the  belt.  A  second  lot  was  mixed  and  sent 
through  with  the  fan  runnuig  to  cool  the  briquets,  wliich  were  better 
than  those  of  the  previous  lot.  Coal  and  pitch  were  mixed  for  a 
third  batch.  The  shape  of  the  air-dried  briquets  was  fairly  good. 
Their  surfaces  were  slightly  rough  and  were  not  easily  affected  by 
rubbing,  although  they  were  somewhat  rubbed  as  a  result  of  ship- 
ment. The  edges  were  slightly  rounded  but  fairly  firm.  The  strength 
of  the  briquets  was  good.  They  were  too  porous,  required  more  com- 
pression, and  were  lighter  than  water. 

In  test  339  fuel  and  a  bmder  of  coal-tar  pitch  were  mixed  and  fed 
into  the  measurmg  machine.  This  lot  of  briquets  when  fresh  was 
seemingly  as  strong  as  those  made  with  6.5  per  cent  of  binder.  The 
shape  of  air-dried  briquets  was  poor;  their  surfaces  were  rough 
and  badly  rubbed  and  easily  crumbled;  the  edges  were  worn  round, 
crumbled  easily,  and  were  weak.  The  briquets  broke  easily,  were 
too  porous,  and  lighter  than  water. 

Test  340  furnished  briquets  that  looked  well  when  they  came  from 
the  press  but  had  little  strength  to  resist  handling.  When  air- 
dried  they  were  the  worst  briquets  of  the  lot.  Their  shape  was  lost, 
their  surfaces  were  crumbled  irregularly,  and  what  remained  of  the 
briquets  was  soft  and  crumbly.  Their  edges  were  completely  rounded 
away  by  rubbing  in  shipping.  The  briquets  were  A^ery  weak,  were 
too  porous,  and  were  lighter  than  water. 

In  test  341  coal  and  cell  pitch  were  mixed  and  sent  through 
the  machine.  When  air-dried,  the  briquets  had  a  very  good  shape; 
the  surfaces  were  fairly  smooth  and  not  easily  rubbed;  their  edges, 
although  shghtly  rounded,  were  firm,  and  the  briquets  were  the 
strongest  ones  made  to  date  from  this  fuel.  In  the  absorption  test 
the  briquets  went  to  pieces  a  few  hours  after  immersion  and  therefore 
would  not  stand  weathering  well. 

In  test  342  coal  and  water-gas  pitch  were  mixed  cold  and  run  through 
thjB  heater.  The  mixture  appeared  too  wet  for  the  best  results.  The 
briquets  were  soft  when  fresh.  WTion  air-dried  the  briquets  had  a 
good    shape;    their  surfaces  were  rough  and  showed  the   effect  of 
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too  large  pieces  in  the  mixture  as  the  roughness  did  not  extend  over 
the  whole  surface;  their  edges  were  rounded  and  crumbly;  the  bri- 
quets were  weak.  The  briquets  resisted  water  weU  in  the  absorption 
test  and  absorption  was  complete  in  five  days  after  immersion. 

In  test  343  coal  and  water-gas  pitch  were  mixed  cold  and  passed 
through  the  heater.  The  briquets  appeared  too  wet  and  indicated 
that  the  amount  of  steaming  should  be  reduced.  When  air-dried,  the 
briquets  were  better  than  the  previous  lot,  but  their  surfaces  were 
rough  and  crumbly;  their  shape  was  fair;  their  edges  were  crumbly, 
rounded,  and  weak.  The  briquets  were  weak,  resisted  water  well, 
but  were  too  porous. 

In  test  344  flour  and  coal  were  mixed  and  heated  in  the  heater 
before  being  pressed.  The  briquets  were  fairly  fu-m  when  fresh,  but 
were  not  very  smooth  on  their  surfaces  and  rubbed  off  too  easily. 
"When  air-dried,  their  shape  was  very  good,  their  surfaces  were  smooth 
and  not  easily  rubbed,  and  their  edges  were  sharp  and  rather  firm. 
The  briquets  resisted  water  poorly  and  went  to  pieces  a  few  hours 
after  immersion. 

In  test  345  coal  and  pitch  were  mixed  and  fed  into  the  middle  of 
the  heater  by  hand.  This  mixture  required  one-half  minute  to  go 
through  the  heater.  The  briquets  were  fairly  strong  when  fresh,  but 
were  rough  on  their  surfaces  and  did  not  have  enough  compression. 
When  air-dried  their  shape  was  very  poor,  their  surfaces  very  rough 
but  not  easily  crumbled,  and  their  edges  rough  and  rounded  but  firm. 
The  strength  of  the  briquets  was  good.  The  briquets  possessed  good 
water-resisting  qualities  but  were  too  porous. 

In  test  346,  to  determine  what  effect  the  size  of  the  material  had 
on  the  briquets,  two  sacks  of  coal  were  screened  through  a  :|-mesh 
screen.  Then  coal  and  pitch  were  mixed  and  run  into  the  middle  of 
the  heater  before  being  pressed.  There  was  not  much  difference 
between  these  briquets  and  the  briquets  of  test  345.  When  air- 
dried  their  shape  was  poor,  their  surfaces  were  rough  but  not  easily 
crumbled,  and  their  edges  were  rough  and  rounded  but  nevertheless 
were  rather  firm.  The  strength  of  the  briquets  was  good.  They 
resisted  water  well  but  would  have  been  improved  by  a  higher  com- 
pression in  the  mold. 

In  test  347  the  briquetting  mixture  was  heated  with  steam  from 
the  steam  jet  and  placed  in  the  molds  by  hand.  The  briquets  were 
fairly  strong  when  fresh,  but  when  cold  they  rubbed  too  easily  and 
indicated  too  little  binder.  When  air-dried  their  shape  was  poor, 
their  surfaces  were  very  rough  and  easily  crumbled,  and  their  edges 
rounded  and  soft.  The  briquets  were  weak.  The  briquets  from  this 
test  resisted  water  well. 

In  test  348  the  mixture  was  heated  over  a  gasoUne  stove.  The 
briquets  had  good  form  and  surfaces  but  were  too  easily  affected  by 
92012°— Bull.  58—13 15 
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rubbing  to  be  entirely  satisfactory.  When  air-dried  their  shape  was 
good  and  their  surfaces  were  fairly  smooth,  but  could  be  crumbled  too 
easily;  the  edges  were  rounded  on  some  of  the  briquets  but  sharp  on 
others  and  were  moderately  firm;  the  strength  of  the  briquets  was 
fairly  good,  but  more  binder  was  needed.  The  briquets  resisted 
water  well  in  the  absorption  test. 

In  test  349  the  briquetting  mixture  was  heated  over  a  gasohne 
stove  and  placed  iii  the  molds  by  hand.  The  briquets  could  be 
handled  when  fresh,  but  were  not  entirely  satisfactory  on  account  of 
the  ease  with  which  their  surfaces  rubbed  off.  When  air-dried  their 
shape  was  good;  their  surfaces  were  sUghtly  rough  but  firm;  their 
edges  were  very  slightly  rounded  yet  firm;  their  strength  was  good. 
The  briquets  resisted  water  well. 

In  test  350  the  briquetting  mixture  was  dried  and  heated  with 
steam  from  the  steam  jet  for  one-quarter  minute  before  being  placed 
in  the  molds  by  hand.  The  briquets  had  an  excellent  appearance 
when  fresh  and  were  strong  enough  to  stand  handhng.  After  having 
stood  for  one  hour  they  did  not  have  as  sonorous  a  sound  when  struck 
together  as  those  made  with  pitch  binder.  \Mien  air-dried  their 
shape  was  excellent,  their  surfaces  smooth  and  firm,  and  their  edges 
sharp  and  firm.  The  briquets  were  very  strong,  but  they  did  not 
resist  the  bad  effects  of  water  well,  as  in  the  absorption  test  they 
went  to  pieces  a  few  hours  after  immersion. 

In  test  351  the  briquetting  mixture  was  heated  with  steam  from 
the  steam  jet,  instead  of  with  dry  heat  as  in  test  346.  After  heating 
for  one-quarter  minute  the  mixture  was  placed  in  the  molds  by  hand. 
The  briquets  were  a  decided  improvement  over  those  made  with  dry 
heat  (test  346)  and  were  strong  enough  to  stand  handhng.  WTien 
cold,  the  briquets  had  a  satisfactory  appearance  and  strength  and 
did  not  rub  to  pieces  as  much  as  some  of  the  briquets  from  previous 
tests.  They  had  excellent  water-resisting  quahties  and  absorbed  less 
water  than  those  from  test  346,  in  which  less  compression  was 
obtained. 

In  test  352  the  briquetting  mixture  was  heated  with  steam  from 
the  steam  jet  for  one-quarter  minute  and  placed  in  the  molds  by 
hand.  The  bnquets  had  an  excellent  appearance  and  strength 
when  fresh  and  would  not  rub  off  easily.  When  cold,  they  were 
the  best  made  from  this  fuel,  having  firm,  hard  surfaces  and  sharp, 
firm  edges.  They  could  not  be  broken  in  the  hands.  They  stood 
the  water-absorption  test  only  tlu-ee  days,  but  probably  would  have 
sufficient  weather-resisting  qualities  for  commercial  conditions. 

In  test  353  the  briquetting  mixture  was  heated  one-quarter  of  a 
minute  with  steam  from  the  steam  jet  and  fed  into  the  molds  by 
hand.  The  briquets  were  strong  enough  for  all  purposes  when 
fresh,  and  would  unquestionably  stand  the  handling  incident  to 
being  placed  in  storage.     The  cold  briquets  had  excellent  appearance 
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and  strength.  Little  difference  was  noticeable  between  them  and 
the  briquets  made  with  6  per  cent  of  flour  and  6  per  cent  of  water-gas 
pitch  (test  352).  Either  of  these  two  briquets  equals  in  appearance 
those  made  from  Indiana  coal.  They  stood  two  days'  immersion  in 
water  before  going  to  pieces,  and  may  therefore  be  sufficiently  weather- 
resisting  to  meet  commercial  conditions. 

SUMMARY    OF    RESULTS    OF    TESTS    OF    PHILIPPINE    COAL. 

CRUSHING. 

The  Philippine  coal  itself  is  very  weak  and  should  be  finely  ground 
before  briquetting  (the  fineness  of  corn  meal  will  be  sufficiently 
fine),  as  the  binder,  in  order  to  be  effective,  must  coat  very  small 
particles.  Then,  even  if  when  the  pressure  is  applied  the  small 
particles  should  break,  the  briquets  would  not  be  weakened  mate- 
rially. 

In  this  respect  the  briquetting  of  this  coal  differs  from  the  briquet- 
ting  of  anthracite  and  bituminous  coal,  for  the  latter  are  strong  in 
themselves  and  all  that  is  required  of  the  binder  is  that  it  cement  the 
particles  of  the  coal  together,  as  the  individual  particles  are  strong 
enough  to  stand  the  briquettmg  pressure  without  breaking. 

In  the  case  of  the  Philippine  coal,  the  high  pressure  necessary  to 
unite  the  particles  by  means  of  the  binder  is  sufficient  to  crush 
coal  particles  of  much  size,  with  a  consequent  weak  briquet;  hence 
a  liquid  binder  should  have  an  especial  advantage  for  briquetting 
this  coal,  as  it  would  tend  to  be  absorbed  into  the  particles  of  coal, 
and  if  they  should  be  crushed  by  the  briquetting  pressure  there 
would  be  sufiicient  binder  present  to  keep  the  briquet  from  becoming 
weak. 

EFFECTS   OF   DRYING. 

Briquets  made  from  the  undried  fuel  possessed  greater  strength 
than  those  made  from  the  dried  fuel.  This  difference  is  seemingly 
due  to  the  fact  that  when  moisture  is  removed  from  this  fuel  by 
drying,  the  physical  strength  of  the  fuel  is  decreased,  and  when 
pressure  is  applied  to  the  mixture  in  making  briquets,  particles  of 
coal  are  crushed,  and  some  binders  are  not  fluid  enough  to  penetrate 
into  the  porous  structure  of  the  fuel,  as  for  example,  coal-tar  and 
water-gas  pitch ;  hence  the  crushed  particles  have  no  binder  to  cement 
them  together  and  the  briquets  are  weak. 

It  was  noticed  that  the  larger  pieces  of  dried  coal  could  be  crushed 
in  the  hand,  whereas  pieces  of  the  undried  coal  of  the  same  size  were 
much  stronger.  In  tests  L  95"  and  L  101'*,  6  per  cent  of  water-gas 
pitch  was  used.  In  test  L  95  of  the  undried  coal  the  briquets  had 
a  crushing  strength  of  950  pounds  per  square  inch,  whereas  in  test 
L  101  the  crusliuig  strength  was  ol^ly  600  pounds,  or  about  two- 

a  See  p.  80. 
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thirds  that  of  the  briqviet  made  from  the  iindried  fuel.  Comparmg 
test  L  96,  iisuig  4  per  cent  of  water-gas  pitch  and  undried  fuel,  with 
test  L  100,  using  4  per  cent  of  water-gas  pitch  but  dried  coal,  it  is 
found  that  the  crushmg  strength  is  as  500  to  175,  or  nearly  3  to  1. 
When  8  per  cent  of  pitch  is  used,  the  difference  in  strength  between 
the  briquets  made  from  the  undried  fuel  and  the  ones  made  from  the 
dried  fuel  is  not  so  great,  the  crushing  strength  of  the  former  bemg 
1,240  pounds  per  square  inch,  and  that  of  the  latter  1,100  pounds 
per  square  inch.  A  comparison  of  the  briquets  made  with  starch 
bmder  shows  an  even  greater  difference  in  strength  between  the 
briquets  made  from  the  undried  and  the  dried  fuel.  Comparmg 
test  L  104,  made  with  5  per  cent  of  starch  and  dried  fuel,  with 
test  L  139,  made  with  5  per  cent  of  starch  and  undried  fuel,  the 
di"ied-fuel  briquets  had  a  crushing  strength  of  less  than  50  pounds 
per  square  inch,  whereas  the  undried-fuel  briquets  had  a  crushing 
strength  of  775  pounds.  With  flour  bmder  the  briquets  made  with 
undried  fuel  were  also  much  stronger  than  those  made  %vith  dried 
fuel.  Of  all  the  briquets  made,  those  in  which  flour  was  the  bmder 
had  the  greatest  strength.  The  briquets  of  test  352,  made  with  6 
per  cent  each  of  water-gas  pitch  and  flour,  were  the  strongest  of  all, 
and  m  a  drop  test  94  per  cent  of  the  briquets  was  held  on  a  1-mch 
screen  after  five  drops.  Those  made  by  test  353  were  almost  as 
strong  as  those  of  the  previous  test,  as  they  stood  a  drop  test  with 
88  per  cent  held  by  the  1-inch  screen.  Tests  332  and  341,  made 
respectively  with  6  per  cent  of  sulphite  liquor  and  12  per  cent  of 
cell  pitch,  furnished  briquets  of  a  satisfactory  strength. 

COMPRESSIBILITY. 

Laboratory  tests  of  this  coal  show  that  reduction  in  volume  of 
the  briquettmg  mixture  under  a  pressure  of  6,000  pounds  per 
square  inch  varies  from  35  to  45  per  cent,  with  an  average  of  41.7 
per  cent. 

BINDER   REQUIRED. 

As  a  result  of  these  tests  it  was  found  that  this  fuel  could  not 
be  satisfactorily  briquetted  without  binder,  even  when  a  pressure  of 
30,000  pounds  per  square  inch  was  used. 

On  account  of  the  porosity  of  this  fuel  and  its  structural  weakness, 
a  larger  proportion  of  binder  is  required  to  make  it  into  satisfactory 
briquets  than  is  required  for  bituminous  coals. 

PROPORTION    OF   BINDER    REQUIRED. 

According  to  laboratorj^  briquetting  tests,  7  per  cent  of  the  kind 
of  water-gas  pitch  used  would  be  sufficient  to  make  briquets  of 
satisfactory  strength;  briquets  made  with  8  per  cent  of  this  pitch 
showed  an  excess  of  binder,  whereas  briquets  made  with  6  per  cent 
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were  not  quite  strong  enough.  The  tests  made  with  the  Ladley  press 
indicate  that  a  higher  percentage  of  water-gas  pitch  would  be  requu"ed 
to  make  a  commercial  briquet — probably  10  to  12  per  cent. 

Tests  with  the  Ladley  machine  indicated  that  8  per  cent  of  coal- 
tar  pitch  is  not  sufficient  to  produce  briquets  of  satisfactory  strength. 
It  should  be  said,  however,  that  with  more  compression  on  the 
machine  8  per  cent  of  coal-tar  pitch  might  be  found  to  be  sufficient. 

Flour  binder  made  stronger  briquets  from  this  fuel  than  any  other 
one  binder,  but  briquets  made  with  flour  binder  alone  did  not  stand 
the  water  as  well  as  those  made  with  pitch  alone  or  with  a  compound 
binder  of  pitch  and  flour. 

Ten  per  cent  of  sulphite  hquor  furnished  a  briquet  of  sufl!icient 
strength  but  deficient  in  water-resisting  qualities.  Twelve  per  cent  of 
cell  pitch  produced  a  briquet  of  sufficient  strength  but  deficient  in 
water-resisting  qualities. 

More  than  5  per  cent  of  starch  binder  would  be  required  to  produce 
a  briquet  of  satisfactory  strength,  and  probably  8  to  10  per  cent 
would  be  sufficient.  None  of  the  bindei-s  used  gave  satisfactory 
results  with  the  dried  fuel. 

HEAT   VALUES. 

The  heat  values  of  briquets  made  with  dried  fuel  were  1  to  8  per 
cent  higher  than  the  fuel  as  received  at  the  plant,  this  increase  of 
heat  value  being  largely  due  to  the  decrease  of  moisture  present. 
The  briquets  made  from  the  undried  fuel  showed  an  improvement  in 
heat  value  of  5  to  8  per  cent  when  the  briquets  were  allowed  to  stand 
for  a  few  days  after  being  made.  The  heat  value  of  the  briquets 
is  approximately  9,500  British  thermal  units  per  pound. 

RHODE  ISLAND  NO.  1. 

Graphitic  anthracite  run-of-mine  coal  from  Cranston,  Providence 
County  (near  Providence),  was  designated  Rhode  Island  No.  1,  and  a 
part  of  the  sample  was  used  in  mixture  with  Utah  No.  1  coal  in  briquet- 
ting  test  127,  wdth  Utah  No.  2  coal  in  briquetting  test  133,  with 
Pennsylvania  No.  15  in  briquetting  test  184,  and  'v\'ith  Pennsylvania 
No.  18  in  briquetting  test  243.  Steaming  tests  414  and  415  were  made 
of  briquets  from  briquetting  test  127,  and  steaming  test  416  was 
made  of  briquets  from  briquetting  tost  133. 

Analyses  of  this  fuel  and  details  of  the  briquetting  tests  are  pre- 
sented in  the  sections  dealing  with  the  coals  ^\'ith  which  this  fuel  was 
mixed  as  mentioned  in  the  preceding  paragraph. 

RHODE  ISLAND— PITTSBURGH  NO.  19. 

A  sample  of  four  barrels  of  run-of-mine  graphitic  anthracite  coal 
from  Cranston  mine,  Cranston,  Providence  County,  was  designated 
Pittsburgh  No.  19,  and  briquetting  test  316  was  made  w4th   this 
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sample.  The  briquets  made  in  tliis  test  were  delivered  for  steaming 
tests  to  the  company  furnishing  the  sample  of  coal. 

Excellent  briquets  were  made  with  6  per  cent  of  pitch.  Even 
less  binder  might  have  been  sufficient,  but  the  small  quantity  of  the 
sample  permitted  making  only  one  test  on  the  English  machine. 
However,  laboratory  tests  on  the  hydraulic  press  indicated  that  4 
per  cent  of  binder  is  sufficient  to  produce  a  strong  and  satisfactory 
briquet. 

It  will  be  noted  that  the  briquets  had  a  very  high  specific  gravity 
owing  to  the  high  specific  gravity  of  the  coal  used.  The  briquets 
obtained  were  very  strong  and  difficult  to  fracture  and  had  firm 
edges.  A  smoother  briquet  could  have  been  made  if  the  material 
used  had  been  fine  slack  or  more  finely  ground,  but  the  sample  used 
was  too  hard  to  be  ground  fine  by  the  equipment  available  at  the 
time  of  the  test.  As  all  of  the  briquets  made  were  sent  away, 
no  drop  or  tumbler  tests  could  be  made  of  them. 

Enqueuing  teats. 


Size  as  shipped 

Size  as  used:  • 

Over  J  inch per  cent . . 

t's  inch  to  }  inch do 

j");  inch  to  T^s  inch do 

jV  inch  to  5^5 inch do 

Through  ^j'^  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature .  °F . . 


6.0 
40.0 
22.0 
13.0 
19.0 

English. 
162 


Details  of  manufacture—Contd . 
Binder- 
Kind 

Laboratory  No 

Amount per  cent 

Weight  of — 

Fuel  briquetted.  .pounds 

Briquets,  average. .  .do. . 

Specific  gravity  (apparent ) 


Test  316. 


W.  G.  P. 

5940 

6 

SIO 
4.7S 
1.764 


Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 

7790 

4.51 

3.  4G 

59.67 

32.36 

.12 

Test  316. 

7843 

per  cent. . 

2.31 

...do... 

4.09 

do... 

70.02 

Ash                                                     

do.... 

22.98 

do.... 

.29 

Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. 

E.xtract  bv  CS'  (as  received) do. . . 

Heat  value B.  t.  u. 


96.60 
16,780 


Fuel. 


R.I. 

No.  1. 


7790 
4.00 


Briquets. 


Tost  310. 


7843 


10,247 
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TENNESSEE  NO.  1. 

Bituminous  run-of-mine  coal  from  Fork  Ridge,  Claiborne  County, 
on  the  Louisville  &  Nashville  Railroad,  was  designated  Tennessee 
No.  1,  and  18,600  pounds  of  the  washed  sample  was  used  m  briquet- 
ting  test  130.  Steammg  tests  409  and  411  were  made  of  briquets 
from  briquetting  test  130. 

Briquets  made  on  the  English  machine  with  5  and  6  per  cent  of 
binder  were  good  and  firm;  their  edges  and  surfaces  were  harder 
with  6  per  cent  than  with  5  per  cent  of  binder.  The  fractures  of 
both  were  sharp  and  clear. 

Briquets  made  on  the  Renfrow  machine  with  6  and  6.5  per  cent 
of  binder  showed  dull  fracture,  theu-  edges  broke  easily,  and  their 
surfaces  were  too  soft.  Those  made  with  7  per  cent  of  binder  were 
satisfactory,  having  a  clear  fracture  and  sharp  edges;  they  broke 

without  crumbling. 

Briquetting  tests. 


Test  No. 

130  A. 

130B. 

130C. 

130D. 

130E. 

Size  as  shipped 

R.  0.  m. 

R.  0.  m. 

R.  0.  m. 

R.  0.  m. 

R.  0.  m. 

Size  as  used: 

Over  \  inch,  .per  cent. . 

2.5 

2.5 

2.5 

2.5 

2.5 

t's  inch  to  J  inch. do 

7.7 

7.7 

7.7 

7.7 

7.7 

j's  inch  to  yV  inch,  per 

17.8 

17.8 

17.8 

17.8 

17.8 

■i^  inch  to  -^  inch,  per 

cent 

24.1 

24.1 

24.1 

24.1 

24.1 

Through  -^  inch,  per 

cent 

47.9 

47.9 

47.9 

47.9 

47.9 

Details  of  manufacture: 

English. 

English. 

Renfrow  No.  1. 

Renfrow  No.  1. 

Renfrow  No.  1 . 

Briquetting   tempera- 

ture  "¥.. 

180 

180 

149 

149 

149 

Binder- 

Kind 

W.  G.  P. 

W.  G.  P. 

W.  G.  P. 

W.  G.  P. 

W.  G.  P. 

Laboratory  No 

3410 

3410 

3410 

3410 

3410 

Amount.perceot.. 

5 

6 

6 

6.5 

7 

Average  weight  of 

briquet,  pounds. 

3.28 

3.28 

0.50 

0.50 

0.50 

Drop  test  (1-inch  screen): 

Held percent-. 

Passed do 

Weather  test: 

15  6 

Time  exposed. . .  days . . 

201 

201 

201 

201 

201 

Condition     ... 

B 

B 

B 

B 

B 

Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Proximate: 

Moisture per  cent 

Volatile  matter do-  • 

Fixed  carbon do. . 

Ash do. . 

Sulphur do. . 

Ultimate: 

Hydrogen do. . 

Carbon do. . 

Nitrogen do . . 

Oxygen do.. 


Test  130.    Test  130, 


2.62 

37.09 

54.32 

5.97 

1.17 

5.08 

79.02 

1.70 

6.87 


1.99 

36.  56 

64.14 

7.30 

1.12 

4.84 

77.39 

1.53 

7.64 
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Extraction  analyses. 


Laboratory  Xo 

Air-drying  loss .' per  cent. 

Extract  by  CSj  (as  received) do. . . 

Pitch  in  briquet  by  analysis...: do... 

Heat  value B.  t.  u. 


3410 


79.98 


Fuel. 


Tenn. 
No.  1. 


3.50 
2.15 


16,478  !      12,569 


Briquets. 


1.00 

4.54 

3.07 

13,723 


TENNESSEE  NO.  4. 

Bituminous  nm-of-mine  coal  from  a  mine  situated  3  miles  nortli  of 
Oliver  Springs,  Roane  County,  on  the  Louisville  &  Xasliville  Rail- 
road, was  designated  Temiessee  No.  4,  and  a  part  of  the  sample  was 
used  in  briquetting  test  120;  part  was  mixed  with  miscellaneous  No. 
5  (coke  breeze)  in  briquettmg  tests  150  and  151.  Steaming  test  405 
was  made  of  briquets  from  briquetting  test  120. 

In  test  120,  briquets  made  on  the  English  machine  at  a  tempera- 
ture of  179.6°  F.,  with  an  average  weight  of  3.3  pounds  and  with  5 
per  cent  of  bmder,  were  easily  broken,  showuig  cracks  with  soft 
edges;  briquets  made  with  5.5  per  cent  of  bmder  showed  improve- 
ment, but  the  edges  were  not  sharp,  and  the  briquets  were  easily 
broken;  those  wdth  6  per  cent  of  binder  were  satisfactory,  showing 
firm  edges,  hard  surfaces,  and  clean,  sharp  fracture;  those  ^^dth  6.5 
per  cent  of  binder  showed  improvement  ui  surfaces  and  edges.  In 
the  drop  test  with  briquets  containing  5  per  cent  of  binder  the  1-inch 
screen  held  83.3  per  cent;  wdth  5.5  per  cent  of  bmder  85.4  per  cent 
was  held.  Briquets  made  on  the  Renfrow  machine,  at  a  temperature 
of  149°  F.,  an  average  weight  0.4  pound,  and  6,  6.5,  and  7  per  cent  of 
binder,  had  smooth,  firm  surfaces  and  slightly  soft,  though  generally 
satisfactory,  edges;  7.5  per  cent  of  bmder  made  the  best  briquet  of 
the  lot;  all  surfaces  and  fractures  were  entirely  satisfactory. 

In  test  150,  80  per  cent  of  Tennessee  No.  4  and  20  per  cent  of  mis- 
cellaneous No.  5  (coke  breeze)  were  used.  Briquets  with  8  per  cent 
of  binder  were  satisfactory,  with  no  difference  in  appearance  from 
those  made  from  Tennessee  No.  4  alone.  They  were  tough  when 
warm,  easily  handled  and  stored,  and  had  rough  but  hard  surfaces. 
The  briquets  were  difficult  to  break,  and  the  fracture  was  uneven, 
although  the  edges  were  firm.     The  structure  was  porous. 

In  test  151,  75  per  cent  of  Tennessee  Xo.  4  and  25  per  cent  of  mis- 
cellaneous No.  5  were  used.  With  the  increased  percentage  of  coke 
breeze  the  briquets  were  easily  broken  when  warm,  although  they 
were  sufiiciently  tough  after  cooling. 
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Briquetting  testis. 
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Test  No. 

120. 

150. 

151. 

Size  as  used: 

Over  }  inch per  cent. . 

T^inch  to  \  inch do 

A  inch  to  ruinch do 

:,V  inch  to  jV  inch do 

Under  -i\  inch do 

Details  of  manufacture: 

Mach  Lne  used 

3.2 
11.4 
19.9 
25.0 
40.0 

(a) 

(a) 

W.  G.  P. 

3410 

44,000 
(a) 

214 
B 

3.2 
10.9 
18.6 
25.8 
41.5 

Renfrow  No.  1. 

149 

W.  (J.  P. 
3410 

8 

40,000 
.532 

214 
B 

3.2 
10.9 
18.6 
25.8 
41.5 

Temperature  of  briquets °F. . 

Binder- 
Kind  

149 
W    G    P 

Laboratory  No 

3410 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquets,  average do 

Weathering  test: 

Time  exposed days. . 

Condition 

8 

40,000 
.513 

214 
B 

o  See  notes  preceding  table. 
Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Proximate: 

Moisture per  cent 

Volatile  matter do.  . 

Fixed  carbon do. . 

Ash do.. 

Sulphur do. . 

Ultimate: 

Hydrogen do . . 

Carbon do . . 

Nitrogen do. . 

Oxygen do . . 


Tennes- 
see No.  4. 


•3058 

6.39 
32. 32 
51.76 

9.53 
.98 

5.02 

74.95 

1.67 

7.13 


Miscel- 
laneous 
No.  4. 


3386 

10.72 

4.08 

73.25 

11.95 

1.02 


Test  120. 


2.88 
35.  78 
53.  84 

7.50 
.91 

4.73 

77.93 

1.79 

6.89 


Test  150.  I  Test  151. 


3380  I 

2.55 
31.91 
57.42 

8.12 
.92 

4.34 

78.53 

1.71 

6.15 


3367 

2.71 
29.56 
58.41 

9.32 
.93 

4.15 

78.40 

1.67 

5.60 


Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. . 

Extracted  by  CSa  (as  received) do  — 

Pitch  in  Imquet  by  analysis do  — 

Heat  value B.  t.  u. . 


Pitch. 


79.98 
i6,'478 


Fuel. 


Tennes- 
see No.  4. 


3058 
4.70 
1.38 


12,578 


Miscel- 
laneous 
No.  5. 


3386 

8.80 

.59 


11,036 


Briquets. 


Test  120. 


l.IO 

5.  75 

5.  56 

13,578 


Test  150. 


3380 
0.60 
6.23 
7.29 
13,536 


Test  151. 


3367 
0.60 
ti.  52 
7.51 
13, 154 


TENNESSEE  NO.  7B. 


Bituminous  slack  coal,  through  a  plate  perforated  with  one-fourth 
by  1  inch  holes,  from  Wilder,  Fentress  County,  on  the  Southern 
Railway,  was  designated  Tennessee  No.  7B,  and  7,000  pounds  of  the 
washed  sample  was  used  in  briquetting  test  121.  Steaming  test 
406  was  made  of  the  briquets  from  briquetting  test  121. 
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Briquets  with  5.5  and  6  per  cent  of  binder  had  firm  edges,  but 
their  surfaces  were  sKghtly  crumbly  when  rubbed;  they  broke  with  a 
clean  fracture,  leaving  a  firm  surface;  those  with  6.5  and  7  per  cent 
of  bmder  had  hard  and  smooth  surfaces,  with  a  hard  and  firm  frac- 
ture. Not  enough  coal  was  furnished  to  make  briquetting  tests  on 
the  Renfrow  No.  1  machine  or  steaming  tests  of  unbriquetted  fuel. 

Briquetting  tests. 


Test  No. 

121A. 

121B. 

1210. 

121D. 

Size  as  used: 

Over  \  inch per  cent. . 

1.8 
10.8 
19.0 
21.0 

47.4 

English. 
179.(5 

W.  G.  P. 

3410 

5.5 

3.08 

78.3 
21.7 

200 
B 

yV  inch  to  i  inch do 

^  inch  to  yV  inch do 

t^  inch  to  iV  inch do 

Through  ^^^  inch do 

Details  of  manufacture: 

Machine  used 

English. 
179.(5 

W.  G.  P. 

3410 

(5 

3.  OS 

79.9 
20.1 

200 
B 

Knelish. 
179.  (i 

W.  G.  P. 

3410 

6.5 

3.08 

89.5 
10.5 

200 
B 

English. 
179.6 

W   G   P 

Briquetting  temperature "F . . 

Binder- 
Kind 

Laboratory  No 

3410 

Amount per  cent. . 

Average  weight  of  briquet pounds. . 

Drop  test  (1-inch  screen): 

Held per  cent. . 

Passed do 

Weather  test: 

Time  exposed days. . 

Condition '.. 

7.0 
3.08 

95.2 

4.8 

200 
B 

Chemical  analyses  of  coal  and  briquets. 


Car 
sample. 


Test  121. 


Laboratory  No 

Proximate: 

Moisture per  cent. 

Volatile  matter do . . . 

Fixed  carbon do . . . 

Ash do . . . 

Sulphur do . . . 

Ultimate: 

Hydrogen do... 

Carbon do. . . 

Nitrogen do... 

Oxygen do. . . 


3186 

7.51 
31.74 
50.63 
10.12 

2.26 


3.37 
35.80 
50.77 
10.06 

2.09 

5.02 

75.58 

1.36 

5.47 


E.xtraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CSs(as  received) do. . . 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.  u. 


Pitch. 


3410 


79.98 
"i6,'478' 


Fuel. 


Tenn. 
No.  7B. 


3186 
C.  10 
1.84 


Briquets. 


Test  121. 


1.80 

0.05 

5.39 

13,090 
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Car  sam- 

Car sam- 

ple 9B. 

ple  9C. 

3114 

3115 

5.68 

4.68 

25.36 

28.75 

50.41 

57.31 

18.55 

9.26 

0.74 

0.65 

4.65 

4.74 

64.87 

77.48 

1.27 

1..30 

5.16 

6.09 

Test  122. 


Laboratory  No 

Proximate: 

Moisture per  cent. 

Volatile  matter do. . . 

Fixed  carbon do . . . 

Ash do. . . 

Sulphur do. . . 

Ultimate: 

Hydrogen do. . . 

Carbon do. . . 

Nitrogen do. . . 

Oxygen do. . . 


3338 

4.24 
29.80 
56.10 
9.86 
0.79 

4.60 

77.00 

1.43 

5.84 


Extraction  analyses. 


Pitch. 


Fuel. 


Tenn. 
No.  9B. 


Tenn. 
No.  9C. 


Briquets. 


Test  122. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CS2  (as  received). 

Pitch  in  briquet  by  analysis 

Heat  value 


■  Ijercent. 

do... 

do... 

..B.  t.  u. 


79.98 
'i6,'478' 


3114 
4.70 
0.19 


3115 
3.30 


11,480 


13,163 


3338 
2.50 
5.  .31 
6.41 
13,047 


TENNESSEE  NOS.  9B  AND  9C  (WASHED  SLACK). 

Bituminous  slack  coal  from  Coalmont,  Grundy  County,  on  the 
Nashville,  Chattanooga  &  St.  Louis  Railway,  was  designated  Ten- 
nessee No.  9B  after  washing,  and  14  tons  of  slack  as  shipped  was 
designated  Tennessoo  No.  9C.  A  mixture  of  9B  and  9C  was  used  in 
briquetting  test  122.  Steaming  test  393  was  made  of  briquets  from 
the  above  test. 

In  test  1 22  the  size  of  the  coal  used  was  as  follows :  Over  one-fourth 
inch,  1.2  per  cent;  one-tenth  inch  to  one-fourth  inch,  5.5  per  cent; 
one- twentieth  to  one- tenth  inch,  12.5  per  cent;  one-fortieth  inch  to 
one-twentieth  inch,  23.8  per  cent;  through  one-fortieth  inch,  57  per 
cent.  The  English  machine  was  used,  the  temperature  of  the  briquets 
being  179.6°  F.;  kind  of  binder,  water-gas  pitch;  laboratory  number, 
3410;  weight  of  fuel  briquetted,  14,400  pounds;  average  weight  of 
briquets,  3.24  pounds. 

With  5.4  and  5.6  per  cent  of  binder,  the  briquets  were  fairl}-  good, 
but  somewhat  crumbly  at  the  edges.  With  6.6,  7,  and  8  per  cent  of 
binder,  the  outer  surfaces  were  very  firm  and  smooth,  the  fracture  was 
coarse  but  not  crumbly,  and  the  broken  surfaces  were  very  hard.  In 
the  drop  test,  with  7  per  cent  of  binder,  the  1-inch  screen  held  85.6 
per  cent.  In  the  weathering  test  the  condition  of  all  binders  after 
being  exposed  222  days  was  B.  Not  enough  coal  was  furnished  to 
make  briquets  on  the  Renfrow  No.  1  machine  for  comparative  tests. 
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TENNESSEE  NO.  10. 

Bituminous  slack  coal  from  a  mine  located  1  mile  north  of  Onne, 
Marion  County,  on  the  Nashville,  Chattanooga  &  St.  Louis  Railway, 
was  designated  Tennessee  No.  10.  A  part  of  the  sample  was  used  in 
briquet  ting  test  128.  Steammg  tests  407  and  408  were  made  of  the 
briquets  from  the  above  test. 

In  test  128  the  details  were  as  follows:  Condition  of  coal,  1-inch 
slack,  washed;  kind  of  binder,  water-gas  pitch;  laboratory  number, 
3410;  weight  of  fuel  briquetted,  35,400  pounds.  The  briquets  made 
with  the  three  percentages  of  pitch  (5.5,  6.5,  and  6.7)  were  all  good. 

Briquets  made  on  the  English  machine  at  a  temperature  of  175°  F. 
and  with  5.5  per  cent  of  binder  had  an  average  weight  of  3.63  pounds 
and  could  be  roughened  slightly  by  rubbing;  their  outer  surfaces 
crumbled  slightly  when  broken.  Briquets  with  6  and  6.5  per  cent  of 
binder  could  be  roughened  slightly  by  rubbing;  their  outer  surfaces 
were  hard  and  smooth,  and  their  broken  surfaces  very  hard  and  rough. 
In  the  drop  test  of  briquets  with  5.5  per  cent  of  binder  the  1-inch 
screen  held  81.7  per  cent,  ^^-ith  6  per  cent  of  binder  the  screen  held 
90.1  per  cent,  and  with  6.5  per  cent  of  binder  the  screen  held  89.1  per 
cent.  In  the  weathering  test  all  briquets  were  exposed  203  days, 
when  their  condition  was  B. 

Renfrow  No.  1  macliine  briquets  made  at  149°  F.  with  6  per  cent  of 
binder  had  an  average  weight  of  0.53  pound  and  showed  crumbly, 
fractured  surfaces.  With  6.5  per  cent  of  binder  the  briquets  were 
tougher  and  did  not  break  as  easily,  and  broken  surfaces  were  firm, 
but  the  briquets  seemed  to  lack  pitch.  In  the  weathering  test  briquets 
with  both  binders  were  exposed  204  days,  when  their  condition  was  B. 

Chemical  analyses  of  coal  and  briquets. 


Fuel. 

Test  128. 

Test  128. 

3359 
7.02 

Proximate: 

Moisture 

Volatile  matter 

per  cent. . 

.        ...do 

2.46 
30.89 
51.80 
14.85 

1.02 

4.47 

71.53 

1.30 

0.43 

2.88 
30.84 

Fixed  carbon 

do.... 

49.55 

Ash 

do.... 

13.75 
.98 

16.73 

Sulphur 

do..  . 

.96 

Ultimate: 

Hydrogen 

do.... 

4.56 

Carbon 

do.... 

69.82 

Nitrogen 

.do.. 

.92 

Oxygen 

da 

6.48 

Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CSj  (as  received) do. . . 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.  u. 


Pitch. 


3410 


79.98 
'i6,"478 


Fuel. 
Tenn. 
No.  10. 


3359 
5.20 
1.32 


11,596 


Briquets, 
test  128. 


1.3 

6.98 

7.19 

11,920 
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TEXAS  NO.  4. 

Lignite  run-of-mine  coal  from  Hoyt,  Wood  County,  on  the  Mis- 
souri, Kansas  &  Texas  Railway,  was  designated  Texas  No.  4.  A 
part  of  the  sample  was  used  in  briquetting  test  112  at  St.  Louis. 
The  briquets  were  too  unsatisfactory  for  use  in  steaming  tests.  No 
analysis  was  made  of  the  briquets. 

The  details  of  test  112  were  as  follows:  Machine  used,  English; 
temperature  of  briquets,  179.6°  F.;  kind  of  binder,  coal-tar  pitch; 
laboratory  number,  2933;  percentage  of  binder,  5,  6,  7,  and  8  per  cent; 
weight  of  fuel  briquetted,  4,500  pounds. 

The  briquets  were  of  a  brown  color  and  full  of  cracks.  The  differ- 
ent percentages  of  binder  had  no  relative  effect  on  their  firmness; 
all  fell  apart  when  the  pitch  hardened.  None  burned  well  or  was 
satisfactory.  They  did  not  swell  nor  crack,  but  gradually  disinte- 
grated in  the  fire,  burning  slowly  with  characteristic  lignite  sparking. 
In  the  weathering  test  all  briquets  were  exposed  75  days,  when  their 
condition  was  D. 

The  unsatisfactory  results  obtained  with  this  fuel  were  probably 
due  to  the  excessive  proportion  of  moisture  present.  With  the  English 
machine  it  was  impossible  to  control  the  moisture  added  in  the  mixing 
and  softening  of  the  pitch,  and  as  no  drying  was  done  before  briquet- 
ting,  the  affinity  of  lignite  for  moisture  caused  a  large  absorption  of 
moisture;  as  the  briquets  cooled  they  also  dried  to  some  extent,  re- 
sulting in  the  cracking  of  the  briquets  mentioned  above.  With  the 
hgnite  dried  sufficiently  before  briquetting  and  with  a  suitable  mixer 
and  press,  much  more  satisfactory  briquets  could  probably  have  been 
made  from  this  fuel,  as  the  results  obtained  were  in  large  measure  due 
to  the  unsuitability  of  the  briquetting  equipment  for  use  with  lignite. 

Chemical  analysis. 


Car 
sample. 

Car 
sample. 

Laboratory  No 

2717 

33.85 

27.50 

31.35 

7.30 

.51 

Ultimate: 

Hydrogen . . 

Carbon 

Nitrogen... 
Oxygen 

per  c«nt. . 
....do... 
....do.... 
...do... 

Proximate: 

Moisture per  cent. . 

Volatile  matter do — 

Fixed  carbon do 

Ash do 

Sulphur do — 

4.41 

65.18 

1.07 

17.  53 

Extrac.tior 

analyses. 

I'itch. 

Fuel, 
Tex. 
No.  4. 

2933 

2717 

...percent.. 

26.70 

Extracted  by  CSj  (as  received) 

do 

...B.  t.u.. 

64.20 
15,937 

Heat  value  (as  received) 

7.497 
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TEXAS— PITTSBURGH  NO.  7. 

A  3-car  shipment  of  lignite  from  the  Big  Lump  mine,  3^  miles 
northeast  of  Rockdale,  Milam  County,  Tex.,  was  designated  Pitts- 
burgh No.  7. 

House-heating  boiler  tests  H23,  H24,  H30,  H45,  and  H46  were 
made  of  this  fuel,  but  the  larger  part  of  the  shipment  was  used  in 
preliminary  briquetting  experiments  to  adjust  the  drier,  cooler,  and 
press  of  the  German  plant.  This  lot  was  the  first  to  arrive  at  the 
Pittsburgh  testing  station.  Considerable  difficulty  was  experienced  in 
making  it  into  briquets,  and  the  shipment  was  exhausted  before  sat- 
isfactor}^  results  were  obtained.  It  is  hoped  that  further  tests  of  this 
lignite  may  be  made  under  more  favorable  conditions. 

Mr.  Lehmann,  the  representative  of  the  German  company  that 
furnished  the  lignite-briquetting  plant,  remained  at  Pittsburgh  until 
the  plant  was  in  good  working  condition.  The  tests  of  the  first  sample 
of  lignite  were  therefore  under  his  direction.  Most  of  these  tests  were 
preliminary,  and  it  was  impossible  to  obtain  a  complete  record  of 
them,  so  only  a  general  statement  of  conditions  and  results  can  be 
given. 

The  briquetting  material  in  the  various  tests  contained  different 
proportions  of  water,  ranging  from  2.3  to  11.2  per  cent,  and  different 
pressures,  from  very  light  to  the  heaviest  possible,  were  applied  to  it. 
From  some  of  the  tests  the  briquets  were  poorly  formed,  rough,  and 
scaly,  but  were  fairly  strong;  from  other  tests  the  briquets  were  well 
formed  but  weak. 

Only  one  cohesion  (drop)  test  was  made  of  the  briquets  obtained, 
because  most  of  the  tests  gave  only  pieces  of  briquets.  Iij  the  one 
test  made  only  24  per  cent  was  held  by  a  1-inch  screen. 

The  best  briquets  were  made  by  using  material  that  contained  11.2 
per  cent  of  moisture  and  applying  a  rather  light  pressure.  The  results 
seemed  to  show  that  for  the  best  results  with  the  German  machine 
the  ground  and  dried  lignite  should  contain  between  8  and  12  per  cent 
of  moisture,  and  that  the  pressure  used  should  be  moderate — about 
that  obtained  by  using  a  set  of  dies  so  ground  that  in  a  length  of  about 
80  mm.  the  decrease  in  height  would  be  3  to  4  mm. 

As  a  general  conclusion,  it  may  be  said  that  this  lignite  is  deficient 
in  natural  binding  material,  and  although  it  can  be  briquetted  without 
artificial  binder  on  a  machine  of  the  type  used,  such  a  machine  did  not 
make  briquets  of  satisfactory  form  and  strength  Irom  it.  To  deter- 
mine the  best  conditions  for  briquetting,  further  tests  are  needed. 
It  is  probable  that  the  lignite  will  make  entirely  satisfactory  briquets 
if  an  artificial  binder  and  a  different  type  of  press  are  used. 

The  following  proximate  analyses  show  the  changes  in  composition 
of  the  sample  during  transportation  from  the  mine  to  the  plant,  a 
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period  of  29  days,  and  after  storage  at  the  plant  for  i7  and  38  days, 

respectively: 

,  Chemical  analyses. 


Date  taken 

Laboratory  No 

Proximate: 

Air-drying  loss per  cAit- 

Moistiire do... 

Volatile  matter do . . . 

Fixed  carbon do. . . 

Ash do . . . 

Sulphur do. . . 

Ultimate: 

Hydrogen do. . . 

Carbon do. . . 

Nitrogen do . . . 

Oxygen do... 

Extract  by  CS2  (moisture  free) do. . . 

Heat  value B.  t.  u. 


Mine 
sample. 


Feb.     1 
7270 

31.50 
35.30 
26.22 
29.58 
8.90 
.76 


6,898 


Car 
sample. 


Mar.     1 
7350 

25.10 
33.38 
27.44 
29.62 
9.56 
.94 

4.59 
62.01 

1.01 
16.63 

1.23 
7,189 


Plant  samples. 


After  17 
days. 


Mar.  18 
7433 

25.70 
31.72 
26.81 
31.97 
9.50 
.91 


7,423 


After  38 
days. 


Apr.      8 
7554 

25.30 
30.98 
29.04 
30.41 
9.57 
.92 


1.16 
7,301 


TEXAS— PITTSBUKGH  NO.  8. 

A  sample  shipment,  2  cars,  of  ^-inch  lump  lignite  from  the  Carr 
mine  No.  3,  2  miles  southwest  of  Lytle,  Medina  County,  Tex.,  was 
designated  Pittsburgh  No.  8  and  was  tested  on  the  German  press 
without  binder. 

This  lignite  had  a  dark-brown  color.  It  weathered  very  rapidly, 
exposure  to  a  single  rainstorm  causing  lumps  to  crack  in  all  dii'ections. 
After  it  had  been  wet  and  dried  a  few  times  the  sample  crumbled 
entirely  to  slack. 

Gas-producer  test  180  and  briquetting  tests  293,  295,  and  296  were 
made  of  this  fuel,  and  several  preliminary  briquetting  tests  for 
adjusting  the  German  press  when  being  instaDed  were  also  made. 

Several  preliminary  tests  were  made  under  the  direction  of  Mr. 
Lehmann.  In  the  first  of  these,  wdth  a  steam  pressure  of  5  pounds  in 
the  drier,  the  percentage  of  moisture  in  the  fuel  was  reduced  from  30 
per  cent  to  11.2  per  cent.  A  rather  low  pressure  in  the  molds  pro- 
duced weU-formed  but  weak  briquets. 

Material  containing  10  per  cent  of  moisture,  and  subjected  to  a  high 
pressure,  furnished  briquets  that  had  poor  form  and  rough  surfaces, 
but  they  were  much  stronger  than  those  made  in  the  first  test.  The 
roughness  of  surface  was  largely  caused  by  steam  (generated  while  the 
briquet  was  being  formed  under  high  pressure)  that  blew  out  around 
the  sides  of  each  briquet  just  before  it  left  the  mold.  The  dust  blown 
out  by  the  steam  was  disagreeable  to  breathe  and  at  times  formed 
clouds  that  darkened  the  whole  room. 

In  the  next  test,  material  containing  8.4  per  cent  of  moisture  was 
subjected  to  a  high  pressm-e.     The  briquets  were  better  formed  and 
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smoother  than  in  the  previous  test,  and  were  the  strongest  yet  made 
from  the  lignite. 

In  the  fourth  test  the  material  contained  6  per  cent  of  moisture, 
but  the  same  high  pressure  was  used.  The  briquets  were  still  better, 
being  well  formed  and  strong.  Another  test,  with  the  material  con- 
taining only  3.6  per  cent  of  moisture,  gave  the  best  briquets  obtained 
from  this  fuel.  However,  with  tliis  low-moisture  content  the  mold 
pressure  was  too  great  for  the  press,  and  after  an  hour's  run  the 
main  bearing  of  the  connecting  rod  became  so  hot  that  the  press  had 
to  be  stopped. 

The  following  table  summarizes  the  essential  data  of  the  tests 
made  with  this  sample  of  lignite: 

Summary  of  testa. 


Test  No. 

Moisture 
ill  briquet 
material. 

Pressure  iii 
mold. 

Character  of  briquets. 

Remarks. 

Form. 

Strength. 

Preliminary 

Per  cent. 
11.2 
10.0 

8.4 
6.0 
3.6 

8.7 

12!  2 

Low 

High 

do 

do 

.    do 

Good 

Poor 

Fair  . . . 

Weak 

Strong 

do. . 

Do 

Briquets  rough. 

Do 

Do 

Good 

.  ..  do  .    .   . 

do 

.do.     ... 

Better  than  previous  lot. 
Best  lot. 

Do                     

293 

do 

....do     

Good 

295 

Very  high. . . 
do 

Material  too  dry. 
Material  too  fine. 

296 

Fair 

Weak 

In  the  first  official  test  (293)  the  material  contained  8.7  per  cent  of 
moisture,  and  a  high  pressure  was  applied.  About  61  per  cent  of  the 
material  that  reached  the  press  was  coai*ser  than  one-twentieth  inch, 
but  practically  all  of  this  61  per  cent  passed  through  a  screen  with 
J-inch  mesh.  The  results  indicated  that  it  is  well  to  have  the  ma- 
terial as  evenly  sized  as  possible  and  containing  little  dust.  If  the 
proportion  of  dust  is  excessive,  the  material  does  not  bind  well 
and  blows  out  of  the  mold  when  pressed.  Even  sizing  is  also  desira- 
ble because  it  permits  even  drying.  The  writer  believes  that  this 
fuel  should  be  crushed  so  that  it  will  all  pass  through  a  J-inch 
screen,  about  60  per  cent  being  retained  on  a  T^ijj-inch  screen. 

In  tests  295  and  296  the  dies  were  set  to  give  a  very  high  pressure. 
In  test  295  the  briquet  ting  material  contained  7.7  per  cent  moisture 
and  was  probably  too  dry;  it  did  not  bind,  but  fell  from  the  press  in 
the  form  of  powder,  accompanied  by  clouds  of  dust. 

In  test  296  the  dried  material  had  12.2  per  cent  of  moisture.  The 
material  probably  contained  too  much  dust,  for  the  briquets  crum- 
ble<^l  easily  and  were  not  strong  enough  to  be  handled. 

Plates  XVI  to  XXI  show  how  the  briquets  from  tests  293  and  296 
withstood  exposure  to  the  weather. 
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This  lignite  was  made  into  excellent  briquets  without  the  addition 
of  any  binder.  The  moisture  content  of  the  dried  material  should  be 
between  8  and  10  per  cent  if  a  moderate  joressure  is  used,  but  only 
about  5  per  cent,  or  even  less,  if  an  extremely  high  pressure  is  used. 
For  best  results  the  writer  recommends  that  the  material  be  pulver- 
ized so  that  about  60  per  cent  of  the  particles  are  between  one-fourth 
inch  and  one-twentieth  inch  m  diameter,  that  it  go  to  the  press  con- 
taining 10  per  cent  of  moisture,  and  that  the  briquetting  pressure  be 
20,000  pounds  per  square  inch. 

The  best  briquets  made  from  this  fuel  had  strength  enough  to  stand 
handling.  They  took  the  shape  of  the  mold  well,  their  edges  were 
firm,  and  they  had  jet-black,  lustrous  surfaces.  Such  briquets  should 
make  a  satisfactory  steam  or  household  fuel.  Xo  steaming  tests  were 
made  of  either  the  raw  or  the  briquetted  lignite.  The  ash  content 
(about  17  per  cent)  of  the  briquets  is  considerably  higher  than  that 
of  good-quality  bitummous  coal. 

Briquetting  this  lignite  should  improve  its  heating  value  30  to  40 
per  cent  by  reducing  the  percentage  of  moisture.  On  the  assumption 
that  in  briquettmg  the  uncombined  moisture  is  reduced  from  30  per 
cent  to  10  per  cent,  1  ton  (2,000  pounds)  of  raw  fuel  will  make  1,600 
pounds  of  briquets,  or  2,500  pounds  of  raw  fuel  will  make  1  ton  of 
briquets.  The  raw  fuel  has  a  heating  value  of  6,800  British  thermal 
units  per  pound  and  the  briquetted  fuel  has  a  heating  value  of  9,300 
British  thermal  units;  therefore  the  fuel  value  of  the  briquets  is  37 
per  cent  higher  than  that  of  the  raw  fuel.  Moreover,  the  briquets 
have  the  following  additional  advantages  over  raw  fuel: 

(a)  Being  of  uniform  size,  they  burn  more  freely  and  give  off  less 
smoke,  a  decided  merit  when  used  as  a  household  fuel  m  a  residence 
district. 

(b)  Tlie  briquets  resist  the  effects  of  the  weather  much  better  than 
the  raw  fuel,  and  therefore  can  be  stored  for  a  longer  time  wdtliout 
serious  deterioration.  The  briquets  are  not,  however,  much  more 
waterproof  than  the  raw  fuel,  and  should  be  stored  under  cover;  there 
they  will  remain  in  perfect  condition  for  several  months  at  least, 
whereas  the  raw  fuel  under  similar  conditions  will  disintegrate 
rapidly. 

(c)  The  cost  of  transporting  the  briquetted  fuel  should  be  only  SO 
per  cent  of  the  cost  of  transporting  enough  raw  fuel  to  furnish  the 
same  heating  value. 

92012°— Bull.  58—13 16 
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Briquetting  tests. 


Size  as  shipped 

Size  as  used: 

Over  \  inch per  cent. . 

iV  inch  to  1  inch do 

Vsinch  to  -^  inch ....: do 

:j'i;  inch  to  ^  inch do 

Through  ^V  inch do 

Details  of  manufacture: 

Machine  ased ^ 

Briquetting  temperature °  F . . 

Binder  used 

Tangent  of  die  angle 

Steam  pressure  on  drier pounds. . 

Weight  of— 

Fuel  briquetted do 

Briquets,  average do 

Moisture  in  briquet  mi.xture per  cent. . 

Drop  test  (1-inch  screen): 

Held do.... 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve do 

Weather  test: 

Time  exposed  when  e.xamined .days. . 

Condition  when  examined 


J"  lump. 

0.5 
30.5 
30.0 
24.5 
14.5 

German. 

90 

None. 

5. 5/89 

13 

11,440 
0.9 
8.73 

44 
66 

37 
63 

74 

66 
D 


295. 


i"  lump. 

0.5 
18.0 
28.5 
21.0 
32.0 

Clerman. 

94 

None. 

6/89 

15 

None. 


(o) 


h"  lump. 

0.5 
18.0 
28.5 
21.0 
32. 0 

(ierman. 

101 

None. 


4,840 

0.7 

12.17 


(«") 


C) 


a  No  briquets. 


fe  Briquets  too  weak  for  cohesion  test . 


Tlie  changes  in  composition  of  the  lignite  durmg  transportation 
from  the  mines  to  the  plant  (25  days)  and  during  storage  (42  days) 
at  the  ])lant  till  used  for  one  of  the  last  tests  are  shown  by  the  follow- 
ing analyses;  analyses   of  the  briquets   or  briquetting  mixture  are 

also  included : 

Chemical  analyses  of  coal  and  briquets. 


Mine 
sample. 


Car 
sample. 


Sample 

as  used 

on  last 

test. 


Test  293. 


Test  293.0 


Test  296. 


Date  taken 

Laboratory  No 

Proximate: 

Air-drying  loss per  cent. . 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do 

.  Sulphur do 

Ultimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do 

Extract  by  CSo  (moisture  free) do 

Heat  value B.  t.  u.. 


Feb.  5. 
7330 

24.20 
32. 92 
27.42 
27.08 
12. 58 
1.46 


Mar.  2. 
7461 

26.30 
30.  77 
27. 36 
28. 39 
13.  48 
1.62 

4.20 
57.  5S 

1.04 
15.37 


Apr.  13. 

7584 

19.40 
28. 00 
27.50 
32. 30 
12.20 
1.60 


7583 

1.50 

8.07 

37.31 

35.87 

18.  75 

1.97 


5.02 
38.53 
37. 81 
18.64 

2.18 


6.840 


.079 


1.91 
r.580 


1.98 
9.306 


7023 


37.84 

35.99 

16.21 

1.98 


2.14 
9.223 


a  Analysis  of  the  material  which  flaked  oil  from  the  surface  of  the  briquets. 

TEXAS— PITTSBURGH  NO.  9. 

A  sample  shipment,  3  cars,  of  f-inch  lumj)  lignite  from  tlie  Calvert 
mme,  6  miles  west  of  Calvert,  Robertson  County,  Tex.,  was  designated 
Pittsburgh  No.  9. 


DETAILS   OF   BEIQUETTING   TESTS. 
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Gas-producer  tests  181  and  182,  house-heating  boiler  tests  H41 
and  H43,  and  briquetting  tests  297,  320,  321,  323,  327,  and  328  were 
made  with  the  German  lignite  press,  using  the  raw  lignite  without 
binder. 

Test  297  did  not  yield  any  briquets.  Seemingly  the  pressure  in 
the  mold  was  excessive;  there  may  have  been  too  little  moisture  in 
the  material  or  the  die  angle  may  have  been  too  great. 

In  test  320  a  high  pressure  was  used.  The  briquets  were  poorly 
formed  and  too  weak  to  stand  handling.  The  moisture  content  of  the 
material  was  manifestly  too  high  for  the  pressure  used.  Much  dust 
was  blown  out  around  the  sides  of  each  briquet. 

In  test  321  the  same  pressure  was  used,  but  the  material  was  still 
too  moist  and  no  satisfactory  briquets  were  obtained.  The  briquets 
made  had  poor  forms  and  were  too  weak  to  stand  handling. 

The  material  was  drier  in  test  323  than  in  tests  297,  320,  and  321, 
and  contained  only  3  per  cent  of  moisture  when  it  reached  the 
machine.  It  was  also  finer.  This  material,  however,  stalled  the 
press.  After  several  attempts  to  operate  the  machine  the  test  was 
stopped  and  the  material  remaining  in  the  hopper  was  thrown  away. 

In  test  327  the  material  was  dried  less  than  in  test  323,  and  con- 
tained 4.6  per  cent  moisture  when  it  reached  the  machme.  The  dies 
were  changed  so  as  to  give  less  pressure.  The  briquets  obtained  were 
better  than  those  made  in  test  323,  but  although  they  had  good  form 
they  lacked  strength,  and  crumbled  when  handled. 

In  the  next  test  (328)  the  percentage  of  moisture  m  the  briquetting 
material  was  raised  to  6.4  per  cent  with  beneficial  results.  The  same 
pressure  was  used  as  in  test  327.  The  briquets  were  the  best  so  far 
obtained,  but  they  were  not  strong  enough  to  stand  handling.  The 
test  was  not  completed,  however,  for  a  strong  steel  brace  having  a 
cross  section  of  3  by  5  J  inches  snapped  and  put  the  press  out  of  opera- 
tion until  another  brace  could  be  forged.  The  tests  were  suspended 
before  other  pressures  could  be  tried. 

Following  is  a  summary  of  the  most  important  features  of  the  tests 
of  this  sample  of  lignite: 

Summnry  of  tests. 


Test 

Moisture 

in 
briquet 
material. 

Pressure  in  mold. 

Character  of  briquets. 

Remarks. 

No. 

Form. 

Strength. 

327 

Per  cent. 
4.6 
6.4 
7.0 
3.0 

6.4 
9.47 

High. 

Good 

Weak 

Too  much  moisture. 

328 

do 

....  do 

do 

.  ..do 

Better  than  test  327. 

297 

None  made 

Too  much  pre.ssure. 

323 

do  

Stalled  machine;  too  little  mois- 

321 

do 

Poor 

Weak 

do 

ture  and  too  nuich  pressure. 
Too  much  moisture  and  dust. 

320 

do 

..    do 

Do. 

234 


FUEL-BKIQUETTING   INVESTIGATIONS. 


It  will  be  seen  that  the  moisture  content  in  the  briquetting  material 
varied  from  3  per  cent  to  9^  per  cent.  Two  different  pressures  were 
used,  but,  although  some  of  the  tests  gave  briquets  of  good  form,  no 
briquets  were  of  satisfactory  strength. 

To  3aeld  the  best  results  with  the  German  machine,  this  lignite 
should  be  ground  so  that  it  will  all  pass  a  ^-inch  screen,  but  about  60 
per  cent  will  be  retained  by  a  ^inch  screen;  it  should  be  dried  till  it 
contains  10  per  cent  of  moisture.  The  die  angle  should  be  small 
enough  to  give  a  moderate  pressure.  However,  the  indications  are 
that  this  lignite  does  not  contain  enough  natural  binder  to  make  good 
briquets  on  the  German  press,  and  it  should  be  tested  with  a  Uttle 
artificial  binder  on  a  press  similar  to  the  Enghsh  machine.  The 
writer  is  inchned  to  doubt  whether  this  lignite  can  be  briquetted  at 
all  without  the  addition  of  binding  material.  However,  further  tests 
should  be  made  before  a  final  conclusion  is  reached. 

Briquetting  tests. 


Test  No. 

297. 

320. 

321. 

323. 

327. 

328. 

i"  lump. 

2.0 
18.0 
30.0 
27.0 
23.0 

German. 

84 

None. 

6/89 
10 

None. 

}"  lump. 

3.0 
23.0 
28.0 
22.5 
23.5 

German. 

100 

None. 

7/89 
4 

None. 

f "  lump. 

2.5 
25.0 
28.5 
21.0 
23.0 

German. 

102 

None. 

7/89 
10 

None. 

J"  lump. 

2.5 
30.0 
28.5 
20.5 
18.5 

German. 
97 

None. 

7/89 
15 

None. 

J"  lump. 

2.0 
31.5 
29.0 
19.5 
18.0 

German. 

93 

None. 

6/89 
10 

None. 

i"  lump. 

Size  as  used: 

Overi  inch 

■^  inch  to  J  incli 

j\  inch  to  -^  inch 

^^  inch  to  I'a  inch 

Through  ^\  inch 

Details  of  manufacture: 

.  .per  cent. . 

do — 

do.... 

do.... 

do.... 

2.0 
30.5 
30.5 
19.0 
18.0 

German. 

Briquetting  temperature. 

°F.. 

116 
None. 

Tangent  of  die  angle 

steam  pressure  on  drier. . . 
Weight  of — 

Fuel  briquetted 

Briquets,  average 

Moisture  in  briquet  mixture. . 

. .  .pounds. . 

do.... 

do 

6/89 
12 

None. 

..percent.. 

6.98 

9.47 

6.40 

3.0 

4.6 

6.4 

The  following  proximate  analyses  show  the  changes  in  composition 
of  this  lignite  during  transportation  from  the  mine  to  the  plant,  a 
period  of  26  days,  and  in  storage  at  the  plant  for  81  days  until  used 
for  the  last  test.  The  fourth  column  gives  an  average  of  six  analyses 
made  on  different  dates. 
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Mine 
sample. 


Date  taken Mar.  6 


Laboratory  No. 

Proximate: 

Air-drying  loss per  cent . , 

Moisture do — 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

Ultimate: 

Hydrogen do — 

Carbon do 

Nitrogen do 

Oxygen do 

Extract  by  CSj  (moisture  free) do 

Heat  value B.  t.  u. 


7403 

29.30 
34.33 
25.94 
30.93 
8.80 
.95 


Car 
sample. 


Apr.  1 
7513 

25.40 
29.62 
27.60 
29.37 
13.41 
.98 

4!  45 

57.21 

.98 

16.92 

"7,046 


Sample 

as  used 

on  last 

test. 


June  21 
7950 

12.10 
23.50 
29.07 
35.74 
11.69 
.82 


Average 

of  6 
samples. 


13.17 
24.01 
29.75 
34.74 
11.50 
.91 


1.28 
8,021 


Briquet 
320. 


7904 


9.04 
37. 22 
40.86 
12.88 

1.15 


9,574 


Briquet 
321. 


7.92 
37.33 
41.75 
13.00 

1.16 


1.14 
9,929 


UTAH  NO.  1. 

Bituminous  run-of-mine  coal  from  a  prospect  on  Huntington  Creek, 
Carbon  County,  was  designated  Utah  Xo.  1.  A  part  of  the  sample  as 
received  at  the  plant  was  used  in  briquetting  test  126;  also  in  a 
mixture  with  Rhode  Island  No.  1  in  briquetting  test  127.  Steaming 
tests  414  and  415  were  made  of  briquets  from  test  127. 

In  test  126  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch,  1.4  per  cent;  one-tenth  inch  to  one-fourth  inch,  5.6  per  cent; 
one-twentieth  inch  to  one-tenth  inch,  14.4  per  cent;  one-fortieth  inch 
to  one-twentieth  inch,  25  per  cent;  through  one-fortieth  inch,  53  per 
cent.  This  coal  was  briquetted  with  low  percentages  of  binder,  with 
the  idea  of  utilizing  the  natural  resin  (probably  copalite)  contained 
in  the  coal.  With  4  and  5  per  cent  of  binder  the  heat  in  the  macliine 
would  not  melt  the  natural  resin,  and  the  briquets  were  very  deficient 
in  binder  and  crumbled  badly.  With  6  per  cent  of  binder  the  surfaces 
of  whole  briquets  and  of  fractures  crumbled.  The  use  of  a  still  higher 
percentage  of  pitch  would  improve  the  briquets.  No  drop  tests  were 
made  of  these  briquets  and  no  other  regular  data  were  obtained,  on 
account  of  the  small  size  of  the  sample. 

In  test  127  (with  Rhode  Island  No.  1)  the  size  of  coal  used  was  as 
follows:  Over  one-fourth  inch,  1  per  cent;  one-tenth  inch  to  one-fourth 
inch,  5.8  per  cent;  one-twentieth  inch  to  one-tenth  inch,  9.4  per  cent; 
one-fortieth  inch  to  one-twentieth  inch,  26.4  per  cent;  through  one- 
fortieth  inch,  57.4  per  cent.  This  test  was  made  to  prove  the  value  of 
briquettng  a  good  fuel  wnth  one  that  is  commercially  worthless.  A 
high  volatUe  coal  low  in  ash  was  chosen  to  mix  with  the  graphitic 
coal.  Various  percentages  were  tried,  but  47  per  cent  of  each  coal 
and  6  per  cent  of  binder  made  an  entirely  satisfactoiy  briquet.     Six 
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per  cont  of  binder  made  excellent  briquets,  whose  outer  surface  was 
smooth,  lustrous,  and  very  hard.  The  briquets  broke  without  crumb- 
ling,  and  the  broken  surfaces  were  smooth  and  hard. 

Briquetting  tests. 


Test  126. 


Details  of  manufacture: 

Machine  used . . .-. 

Temperature  of  briquets. 
Binder — 

Kind 

Laboratory  No 

Amount 

Weight  of— 

Fuel  briquetted 

Briquets,  average  . . . 
Weathering  test: 

Time  exposed 

Condition 


°F.. 


.percent. 

..pounds. 
....do... 


.days.. 


RenfrowNo.  1. 
149 

W.  G.  P. 

3410 
4,5,0 

2,000 
0.43 

214 
C. 


Kenfrow  No.  1. 
149 

W.  G.  P. 

3410 

G 

16,000 
0.5 

214 
B. 


Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Proximate: 

Air  dry  loss per 

Moisture 

Volatile  matter 

Fi-xed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Extract  by  CS2  (as  received) 

Pitch  in  briquets  by  analysis 

Heat  valve B 


cent, 
do... 
do... 
do... 
do... 
do... 

do... 
do... 
do... 
do... 
do... 
do... 
.  t.  u. 


Utah 
No.  1. 


3199 

3.80 
0. 05 
42.02 
47.06 
4.87 
.55 

5.42 
76.98 

1.47 
10.36 

3.83 


Rhode 
Island 
No.  1. 


3216 

2.0 
2.41 
4.92 
73.61 
19.06 
.07 

.65 

76.95 

.17 

2.63 

.02 


10, 996 


Test  127. 


0.8 
2.45 
24.21 
62.60 
10.74 
.41 

2.95 

78.63 

.74 

6.25 

6.89 

6.40 

12, 532 


Test  127 


0.8 
2.27 
22.20 
65.29 
10.24 

.41 

3.13 

77.64 

.74 

7.59 

6.89 

6.40 

12,532 


UTAH  NO.  2. 

Subbituminous  slack  (through  H-inch  screen)  from  Coalville, 
Summit  County,  on  the  Union  Pacific  Raihoad,  was  designated  Utah 
No.  2.  A  part  of  the  sample  as  received  at  the  plant  was  used  in 
briquetting  test  132;  part  was  mixed  with  Rhode  Island  No.  1  in 
briquetting  test  133.  Steaming  tests  402  and  404  were  made  of 
briquets  from  briquettmg  test  132  and  steammg  test  416  of  briquets 
from  briquetting  test  133. 

In  test  132  this  coal,  sent  primarily  for  briquetting,  had  all  the 
characteristics  of  lignite.  Oil  shale  was  sent  to  be  used  as  a  binder, 
but  all  efforts  to  use  it  for  this  purpose  utterly  failed.  The  briquets 
made  on  the  English  machine  with  5  and  6  per  cent  of  binder  indicated 
a  shortage  of  pitch;  their  outer  surfaces  were  rough  but  crumbly 
and  porous;  they  were  crumbly  at  fractures,  and  broken  and  frac- 
tured surfaces  were  not  firm.     Briquets  with  7  per  cent  of  binder 
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showed  improvement  over  the  others  but  were  not  satisfactory;  theii' 
outer  surface  was  harder  but  could  be  roughened  by  rubbing;  they 
did  not  break  clean.  In  the  drop  test,  with  6  per  cent  of  binder,  the 
1-inch  screen  held  54.4  per  cent.  The  Renfrow  briquets,  with  6  per 
cent  of  binder,  were  soft  and  showed  shortage  of  pitch.  Those  with 
7  per  cent  of  binder  showed  improvement.  However,  they  broke 
with  crumbly  fracture  and  their  broken  surfaces  were  not  firm.  Eight 
per  cent  of  bmder  made  good  briquets,  with  hard  outer  surface;  they 
broke  clean  and  their  broken  surfaces  were  firm. 

In  test  133  Rhode  Island  No.  1,  the  only  available  high  volatile 
coal,  was  chosen  for  a  test  with  a  view  to  supplementing  the  data 
obtamed  in  test  127.  The  test  was  not  successful,  as  the  coal  showed 
characteristics  of  lignite,  both  in  briquettmg  and  in  burning.  The 
mixture  contained  47  per  cent  of  each  coal.  Briquets  with  6  per  cent 
of  binder  were  tough  and  hard;  their  outer  surface  was  smooth  and 
very  hard  and  their  fracture  rough  but  clean  and  firm.     No  drop 

tests  were  made. 

Briquetting  tests. 


Size  as  used: 

Over  i  inch percent. 

■^  inch  toi  Liich do... 

-,\  inch  to  Aiiich do... 

-^  incli  to  3»5  inch do. . . 

Through  -f\  inch do. . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature "F . 

Binder- 
Kind 

Laboratory  No 

Amount percent. 

Weight  of— 

Fuel  briquetted pounds. 

Briquet,  average do. . . 

Weather  test: 

Time  exposed days. 

Condition 


Test  132. 


0.8 
8.0 
21.4 
29.8 
40.0 

English. 
175 

W.  G.  P. 
3410 

6,7,8 

29,000 
3.03 

190 
D 


Test  132. 


Renfrow  No.  1. 
149 

W.  G.  P. 

3410 

5,6,  7 

29,000 
0.42 

190 
C 


Test  133. 


1.2 

6.0 

19.2 

25.6 

48.0 

Renfrow  No.  1. 
149 

W.  G.  P. 

3410 

6 

37,000 
0.52 

190 
E 


Chemical  analyses  of  coals  and  briquets. 


Laboratory  No 

Proximate: 

Moisture percent. 

Volatile  matter do  — 

Fixed  carbon do  — 

Ash do  — 

Sulphur .'  -  do — 

Ultimate: 

Hydrogen do — 

Carbon do — 

Nitrogen do — 

Oxygen do — 


Utah 
No.  2. 


3259 

12.66 
38.30 
43.19 
5.85 
1.39 


Rhode 
Island 
No.  1. 


3216 

2.41 
4.92 
73.61 
19.06 
.07 

.65 

76.95 

.17 

2.63 


Test  i:j2.« 


11.53 
38.91 
43.8:j 
5.73 
1.36 

4.70 
72.15 

1.27 
13.86 


Test  132.6 


9.32 

39. 68 

45.05 

5.95 

1.37 

4.75 
73.30 

1.27 
12. 61 


Test  133. 


5.85 
25.20 
59.56 

9.39 
.85 

2.94 

76.42 

.73 

9.04 


a  Analysis  of  EngUsh  briquets. 


b  Analysis  of  Renfrew  briquets. 
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Laboratory  No > , 

Air-drv'iiig  loss per  cent. . 

Extracted  by  CS2 do. . . . 

Pitch  in  briquet  by  analysis do 

Heat  value B.  t.  u.. 


Pitch. 


79.98 
"  16,"  478 


Fuel. 


Briquets. 


IJtali 
No.  2. 


3259 

2.30 

.26 


10, 697 


Rhode 
Island 
No.  1. 


3216 

2.00 

.02 


10,996 


Test  132. 


l.GO 

4.61 

5.46 

11,180 


Test  133. 


1.40 

6.06 

7.50 

11,527 


VIRGINIA  NO.  5B. 

Semianthracite  slack  coal  from  the  bed  known  as  the  "Big  Seam" 
(Bush  Mountam  Field),  10  miles  west  of  Bhicksburg,  Montgomery 
Comity,  was  designated  Virginia  No.  5B  and  the  sample  was  used  in 
briquetting  tests  187  and  188.  Steaming  test  494  was  made  of  equal 
weights  of  briquets  from  briquetting  tests  187  and  188. 

In  tests  187  and  188  the  size  of  coal  used  was  as  follows:  Over  one- 
fourth  hich,  0.6  per  cent;  one-tenth  inch  to  one-fourth  inch,  8.8  per 
cent;  one-twentienth  inch  to  one-tenth  inch,  23.6  per  cent;  one- 
fortieth  to  one-twentieth  inch,  27.6  per  cent;  through  one-fortieth  inch, 
39.4  per  cent.  A  very  hard,  nonporous  briquet  was  made  with  6 
per  cent  of  binder  on  the  English  machine.  Renfrow  briquets  with 
7  per  cent  of  binder  stuck  together  when  piled,  showing  excess  of 
])itch;  otherwise  these  briquets  were  satisfactory.  This  is  an  excep- 
tionally good  briquetting  coal,  requiring  only  a  small  percentage  of 
bintler  and  making  briquets  with  firm,  smooth  outer  surfaces,  sharp 
edges,  and  characteristic  glossy  fracture. 

Briquetting  tests. 


Test  187 


Test  188. 


Details  of  manufacture: 

Machine  used 

Briquetting  temperature "F.. 

Binder- 
Kind  

Laboratory  No 

Amount percent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet,  average do 

Drop  test  (1-incn  screen): 

Held per  cent. . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held , do...- 

Passed do 

Fines  through  10-mesh  sieve do 

Weather  test: 

Time  exposed days. . 

Condition 

Absorption  test: 

Time  immersed days.. 

Water  absorbed percent.. 

.\verage  for  first  5  days do 

Specific  gra\nty  (apparent) 


Renfrow  No.  1. 
185 

English. 
185 

W.  G.  P. 

454.3 

7 

W 

G.  P. 
4543 
6.25 

8,000 
0.457 

4,000 
4.11 

78.5 
21.5 

85.7 
14.3 

94.0 
6.0 
96.9 

89.3 
10.7 
79.1 

10 
A 

6 
A 

19 

14.8 

2.0 

1.182 

19 
12.6 
1.12 
1.209 

DETAILS  OF  BRIQUETTING  TESTS. 

Chemical  analyses  of  coal  and  briquets. 
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Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon. . . 

.'Vsh 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


.per  cent. 

do... 

do... 

do... 

do... 


.do., 
.do., 
.do., 
.do.. 


Car 
sample. 

Test  187. 

4294 

4545 

7.52 

4.52 

10.29 

14.28 

65.96 

.       65.93 

16.23 

15.27 

.65 

.79 

3.82 

3.68 

74.66 

76.17 

.75 

.81 

2.52 

2.51 

4417 

5.02 
15.52 
64.51 
14.95 
.84 

3.66 

75.82 

.88 

3.02 


Extraction  analyses. 


Fuel. 


Va.  5B. 


Briquets. 


Test  187.    Test  188 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSj 

Pitch  in  briquet  by  analysis . 
Heat  value 


4543 


.percent. 

do... 

do... 

..B.  t.  u. 


99.66 
'i6,'969' 


4294 
7.10 
.27 


11,893 


4545 
3.60 
6.24 
6.01 
12,542 


4417 
4.10 
5.74 
5.51 
12,463 


VIRGINIA— JAMESTOWN  NO.  2 

The  sample  designated  as  Jamestown  No.  2  -consisted  of  several 
cars  of  semibituminous  run-of-mine  coal  from  a  mine  working  the 
Pocohontas  A"o.  3  bed,  Pocohontas,  Tazewell  County,  Va.,  on  the 
Norfolk  &  Western  Railway. 

Excellent  briquets  were  made  from  this  coal.  Those  made  with 
6  per  cent  of  water-gas  pitch  binder  (Lab.  No.  5458)  stood  the 
cohesion  tests  as  well  as  those  made  with  8  per  cent  of  binder 
(Lab.  No.  5563).  The  warm  briquets  from  all  four  of  the  tests  had 
smooth,  firm  surfaces,  and  those  from  tests  251  and  252  fractured 
with  difficulty.  Those  from  tests  254  and  255  were  more  brittle, 
though  not  easily  broken.  The  surface  of  the  briquets  from  tests 
251,  252,  and  254  was  smooth  and  firm,  whereas  the  surface  of 
briquets  from  test  255  crumbled  easily.  The  cold  briquets  of  tests 
251,  252,  and  254  were  excellent,  had  smooth,  firm  surfaces,  broke 
without  crumbling,  and  the  fractured  surfaces  were  smooth  and  firm. 
The  cold  briquets  of  test  255  were  rather  brittle  and  fractured  easily, 
and  the  surface  of  fractures  crumbled  easily. 

The  entire  shipment  of  coal  was  made  into  briquets  and  delivered 
to  the  U.  S.  S.  Connecticut  for  trial  test  under  maruie  boilers.  The 
test  on  the  Connecticut  was  conducted  in  December,  1907,  on  a  run 
from  New  York  Harbor  to  Hampton  Roads,  Va. 
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FUEL-BRIQUETTING   INVESTIGATIONS. 
Briquetting  tests. 


Test  251. 


Test  254. 


Test  255. 


Size  as  used: 

Over  i  inch per  cent, 

■^  incli  to  i  inch do. . 

j"(i  inch  to  1*5  inch do. . . 

■,\  inch  to  jV  inch do. . 

Through  ^'o  inch do. . 

Details  of  manufacture: 

Machine  used - : 

Briquetting  temperature °F 

Binder- 
Kind 

Laboratory  No ." 

Amount per  cent 

Weight  of — 

Fuel  briquetted pounds 

Briquet,  average do.  . 

Moisture  in  briquet  mixture per  cent 

Drop  test  (1-inch  screen): 

Held do.. 

Passed do. . 

Tumbler  test  (1-inch  screen): 

Held do.. 

Passed do . . 

Fines  through  10-mesh  sieve do. . 

Weather  test: 

Time  exposed days 

Condition 

Absorption  test: 

Time  immersed days 

Water  absorbed per  cent 

Average  for  first  four  days do.. 

Specific  gravity  (apparent) 


1.3 
3.4 
13.7 
27.2 
54.4 

English. 
192 

W.  G.  P. 

5458 
6 

138, 101 
3.27 
7.62 

74.0 
26.0 

79.0 
21.0 
93.4 

171 
A 

30 
15.38 
2.04 
1.097 


0.1 

6.3 

22.6 

32.3 

38.7 

Renfrow  No.  2. 
200 

W.  G.  P. 

5458 
6 

181,600 

0.633 

3.99 

66.5 
33.5 

69.0 
31.0 
95.5 

178 
A 

21 
14.02 
2.74 
1.108 


0.0 
9.4 
24.2 
28.0 
38.4 

Renfrow  No.  2. 
204 

W.  G.  P. 
5563 


2,000 
0.581 


0.0 
7.4 
23.5 
28.3 
40.8 

Renfrow  No.  2. 
205 

W.  G.  P. 

5563 

6 

2,000 
0.595 


65.0 
35.0 

71.0 
29.0 
95.2 

161 
A 

21 
15.46 
2.78 
1.101 


46.0 
54.0 

60.5 
39.5 
95.5 

161 
B 

21 

16.62 
3.29 
1.086 


Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 


Test  251. 


Test  252. 


Test  254. 


Test  255. 


I^aboratory  No 

Proximate: 

Moisture per  cent. . 

Fixed  carbon do 

Ash do 

Sulphur do 

TTltimate: 

Hydrogen do — 

Carbon do 

Nitrogen do 

Oxygen do 


5333 

17.68 

74.19 

6.13 

.59 

4.47 
84.54 


5466 

18.52 

72.79 

6.24 

.63 

4.37 
82.66 


5454 

19.73 

72.65 

5.98 

.61 

4.51 

84.86 

.88 

3.05 


5455 

19.70 

73.08 

5.62 

.50 

4.65 

85.93 

.99 

2.21 


5457 

19.88 
73.22 
5.50 

.58 

4.22 

84.81 

.90 

3.90 


Extraction  analyses. 


Pitches. 


Fuel, 
J-2. 


Briquets. 


Test  251.    Test  252.    Test  254.    Test  255 


Laboratory  No 

Air-drying  loss per  cent. . 

Extracted  by  CSj  (as  received). do 

Pitch  in  briquet  by  analysis do 

Heat  value B.  t.  u.. 


5458 


5563 


92.92       90.33 

i6,'893'  ie.'ns' 


5333 
1.20 
0.56 


14,632 


5466 
1.80 
5.83 
5.71 
14.549 


5454 
1.10 
7.75 
5.62 
14, 726 


5455 
1.10 
7.65 
7.90 
14, 794 


5457 
0.90 
5.87 
5.92 
14,796 


DETAILS  OF  BKIQUETTING  TESTS. 
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VIRGINIA— JAMESTOWN  NO.  14. 

The  sample  designated  as  Jamestown  No.  14  consisted  of  a  car  of 
Virginia  semianthracite  culm  from  a  mine  working  the  Big  Vein, 
Merrimac,  Montgomery  County,  Va.,  on  the  Virginia  Anthracite 
Railway. 

The  sample  was  tested  at  the  Norfolk  plant. 

As  received,  the  sample  was  very  wet,  and  serious  difficulty  was 
experienced  in  crushing  it  with  the  WdUams  mill  because  of  its 
tendency  to  pack  and  stop  the  mill.  About  1 1  tons  of  briquets  was 
made,  however,  and  these  were  stronger  than  necessary  when  made 
with  8  per  cent  of  pitch  binder,  but  were  rather  weak  with  6  per 
cent;  7  per  cent  would  probably  make  a  satisfactory  briquet.  When 
tested  in  a  kitchen  range,  the  briquets  did  not  burn  with  satisfactory- 
results,  but  after  being  broken  into  three  or  four  pieces  a  better  fire 
was  obtained  than  with  a  good  grade  of  anthracite  coal  of  egg  size. 
The  briquets  made  a  satisfactory  fuel  for  an  open-grate  fire  and  for 
large  heating  stoves.  They  had  a  pecuHar  property  of  "banking," 
owing  to  the  high  percentage  of  ash  in  them  (22.5  per  cent),  and  a 
fire  could  be  kept  over  night  with  them,  even  in  a  small  kitchen 
range. 

Briquetting  test. 


Size  as  used: 

Over  \  inch per  cent. . 

■^  inch  to  i  inch do 

^  inch  to  tV  inch do 

^"(5  inch  tOjV  inch do 

Through  -^^  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature  ."F. . 
Binder — 

Kind  used 

Laboratory  No 

Amount percent. . 

Weight  of— 

Fuel  briquetted.. pounds.. 

Briquet,  average do 

Moisture  in  briquet  mixture,  per 
cent 


Test  291. 


0  0 
11.9 
32.8 
24.3 
31.0 

Renfrow  No.  2 

187 

W.  G.  P. 

5940 
6 

22,000 
0.746 


Drop  test  (1-inch  screen): 

Held per  cent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do . . . 

Fines  through  10-mesh  sieve 

percent.. '. 

Weather  test: 

Time  exposed days. 

Gondii  ion 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days.  .do... 
Specific  gravity  (apparent) 


Test  291. 


16.0 
84.0 


28.0 
72.0 


102 
B 

31 

12.76 

1.63 

1.299 


Chemical  analyses  of  culm  from  Merrimac,  Va.,  and  of  briquets  made. 


Raw 

Test 

fuel. 

291. 

5938 

6114 

2.05 

2.07 

6.58 

9.93 

58.22 

65.48 

33.15 

22.52 

.46 

.52 

2.43 

3.04 

59.18 

68.13 

.65 

1.00 

3.43 

4.30 

Pitch 
binder. 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon , 

Nitrogen , 

Oxygen 


.percent 

do.. 

do.. 

do.. 

do.. 


.do., 
.do., 
.do., 
.do.. 
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FUEL-BRIQUETTING  INVESTIGATIONS. 
Extraction  analyses. 


Pitch. 


Fuel. 


J-14. 


Briquets. 
Test  291. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSj  (as  received). 
Pitch  in  briquet  by  analyses . . . 
Heat  value 


5940 


.percent.. 

do 

do-... 

..B.  t.u.. 


96.60 
"i6,'786' 


5938 
1.60 
.06 


9,688 


6114 
1. 10 
5.19 
5.32 
11,598 


WASHINGTON  NO.  2. 

Bituminous  lump  coal  from  Roslyn,  Eattitas  County,  on  the 
Northern  Pacific  Railway,  was  designated  Washington  No.  2,  and  a 
part  (12,000  pounds)  of  the  sample  was  used  in  briquetting  test 
125. 

Steaming  test  412  was  made  of  briquets  from  this  briquetting  test. 

Briquetting  tests. 


Test  125. 


Test  125. 


Size  as  sliipped 

Size  as  used: 

Over  J  inch per  cent. 

■^  inch  to  i  mch do. .. 

-,\  inch  to  -j^ij  inch do. . . 

^  inch  to  ^  inch do... 

Through  ,^5  inch do. . . 

Details  of  manufacture: 

Machine  used 

Binder^ 

Kind  used 

Laboratory  No 

.\mount  used per  cent. 

\\'eight  of— 

Fuel  briquetted pounds. 

Briquet ,  average do . . . 

Heat  value  per  pound: 

Fuel  as  received B.  t.  u . 

Briquets do . . . 

Binder do. . . 

Drop  test  (1-inch  screen): 

Held  by per  cent . 

Passed". do.. . 

Weather  test: 

Time  exposed days. 

Condition 


Lump. 

2.4 
11.0 
19.6 
26.2 
40.8 

EngUsh. 

W.  G.  P. 

3410 

6.5  and  7 

(0) 
3.24 

12,586 
12,890 
16, 478 

6  87. 4 
12.6 

214 
5.0  per  cent  C, 
others  B. 


Lump. 

2.4 
11.0 
19.6 
26.2 
40.8 

Renfrew  No.  1. 

W.  G.  P. 

3410 

6,6.5,7 


(«) 


0.46 


214 
6.5  per  cent  C, 
7  and  7.5  per 
cent  B. 


a  Total  weight  of  both  English  and  Renfrow  briquets  made  was  12,000  pounds. 
b  Drop  test  made  with  6  per  cent  briquets. 

Chemical  analyses  0/  coal  and  briquets. 


Fuel. 

Briquets. 

Fuel. 

Briquets. 

Test  125. 

Test  125. 

Laboratory  No 

3098 

3.16 

36.49 

48.09 

12.26 

.38 

Ultimate: 

Hydrogen . . . 

Carbon 

Nitrogen 

Oxygen 

...percent.. 

do 

do.... 

do.... 

4.96 

71.62 

L28 

9.09 

Proximate: 

Moisture 

Volatile  matter 
Fixed  carbon . . 

Ash 

Sulphur 

percent.. 
— do — 
....do.... 
....do.... 
....do.... 

2.66 
37.39 

48.89 

11.06 

.39 

4.86 

73.02 

1.48 

8.88 

DETAILS   OF   BRIQUETTING   TESTS. 
Extraction  analyses. 
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Pitch. 


Wash 
No.  2. 


Briquets, 
test  125. 


Laboratory  No 

Air-drying  loss percent. 

Extract  by  CS2  (as  received) do. . . 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.  u . 


79.98 
'i6'478 


1.30 
1.24 


0.20 
6.89 
7.19 


12, 586 


WEST  VIRGINIA  NO.  3  a 

A  sample  of  mn-of-mine  bituminous  coal  from  near  Morgantown, 
Monongalia  County,  on  the  Morgantown  &  Kingwood  Railroad,  was 
designated  West  Virginia  No.  3,  and  a  part  of  the  sample  was  sub- 
jected to  briquetting  tests  on  the  laboratory  press  at  the  St.  Louis 
plant. 

A  test  was  made  with  this  coal  in  the  laboratory  to  determine 
whether  it  was  possible,  under  a  certain  pressure  and  temperature, 
to  make  a  briquet  without  any  binder.  A  briquet  was  obtained, 
which,  although  not  perfectly  satisfactory,  indicated  that  under  cer- 
tain conditions,  with  the  right  pressure  and  temperature,  briquets 
could  be  made  with  this  coal  without  any  binder  whatever,  but  it  is 
doubtful  whether  a  briquet  made  of  bituminous  coal  in  this  manner 
would  possess  satisfactory  strength  to  be  of  commercial  value. 

Chemical  analysis. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. 

Moisture do . . . 

Volatile do . . . 

Fixed  carbon do . . . 

Ash do... 

Sulphur do. . . 


Car 
sample. 


1252 

1.30 

2.2!) 

29.  86 

57.  62 

10. 23 

1.06 


Ultimate: 

Hydrogen per  cent. 

Carbon do... 

Nitrogen do. . . 

Oxygen do. .. 

Heat  value B.  t.  u. 


Car 
sample. 


4.85 

76.89 

1.45 

5.26 

13,558 


WEST  VIRGINIA  NO.  6. 

A  sample  of  run-of-mine  semibituminous  coal  from  Rush  Run, 
Fayette  County,  on  the  Chesapeake  &  Ohio  Railroad,  was  designated 
West  Virginia  No.  6,  and  a  part  of  the  sample  was  subjected  to  bri- 
quetting tests  on  both  the  English  and  the  American  machines  at  the 
St.  Louis  plant. 

The  first  test  made  of  this  coal  was  with  5  per  cent  of  the  glossy, 
home-made  pitch  Y.  The  pressure  used  was  the  limit  that  could  be 
obtained  on  the  English  machine,  and  the  resultant  briquets  were 
hard,  clean,  and  strong,  and  had  a  sharp,  glossy  fracture.  They  were 
in  every  way  equal  to  the  best  briquets  made  on  this  macliine.  They 
weighed  on  an  average  6.12  pounds  each.     On  account  of  the  ex- 


a  See  description  of  tests  on  pp.  62-63. 
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FUEL-BRIQUETTING  INVESTIGATIONS. 


celleiit  quality  of  the  briquets  with  5  per  cent  of  pitch,  another  ton 
was  briquetted  with  only  3  per  cent  of  pitch  Y.  Extreme  pressure 
was  applied,  and  the  resultant  briquets  were  unusually  smooth  and 
glossy,  but  not  quite  strong  enough.  They  crumbled  instead  of 
cracking  clean  under  the  blows  of  a  hammer.  The  briquets  contain- 
ing 5  per  cent  of  pitch,  when  broken,  made  little  or  no  waste,  and  had 
a  clean  fracture. 

On  the  American  machme  the  mixture  containing  5  per  cent  of  pitch 
Y  made  very  glossy  and  solid  eggettes,  whicli  were  strong  and  would 
stand  much  rough  handling.  One  surprising  quahty  of  these  briquets 
was  that  when  tested  in  the  cook  stove  they  burned  vnih  Uttle  or  no 
caking,  although  the  coal  itself  is  a  very  good  coking  coal.  The 
briquets,  when  exposed  to  the  weather,  were  little  affected  and  did  not 
disintegrate  appreciably.  In  burning  they  held  together  until 
entirely  consumed. 

This  coal  was  also  tested  with  the  Hoffman  patent  binder,  and  the 
resultant  eggettes  were  also  of  good  quahty.  being  hard,  glossy,  and 
clean;  but  in  burning  they  caked  more  than  those  with  5  per  cent  of 

pitch. 

Chemical  analysis. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent. 

Moisture do. . . 

Volatile  matter do... 

Fixed  carbon do... 

Ash do... 

Sulphur do . . . 


Car 
sample. 


1390 

.90 

1.53 

21.54 

71.88 

5.05 

.65 


Ultimate: 

Hydrogen per  cent . 

Carbon do . . . 

Nitrogen do... 

Oxygen do.. . 

Heat  value B.  t.  u . 


Car 
sample. 


4.66 

84.16 

1.71 

3.68 

14,807 


WEST  VIRGINIA— JAMESTOWN  NO.  3. 

The  sample  designated  Jamestow^l  No.  3  consisted  of  two  cars  of 
semibituminous  run-of-mine  coal  from  a  mine  working  the  ''Thin 
Vein"  Pocahontas  bed,  Davy,  McDowell  County,  W.  Va.,  on  the  Nor- 
folk &  Western  Railway. 

Excellent  briquets  were  made  on  the  English  machine  with  this 
coal  and  6  per  cent  of  binder  (Lab.  No.  5458),  and  good  briquets  were 
made  on  the  Renfrow  No.  2  machine  with  the  same  coal  and  binder. 
The  briquets  made  on  the  American  machme  (test  257)  with  7  per 
cent  of  binder  (Lab.  No.  5563)  also  had  a  good  appearance,  but  were 
not  so  strong  as  those  from  the  other  two  tests. 

Briquets  from  test  253,  while  warm,  had  a  smooth  surface,  metallic 
luster,  and  no  cracks,  but  were  easily  ci-ushed  in  the  hand ;  when  cold, 
however,  they  had  a  fine  metallic  ring  when  struck,  a  firm,  fine-grained 
surface,  and  broke  with  difficulty,  with  a  firm,  fine-grained,  lustrous 
fracture. 

Briquets  from  test  256,  while  warm,  had  a  smooth  surface,  were 
plastic,  and  broke  with  a  rough  fractured  surface.     When  cold  these 
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briquets  had  rough  ends,  broke  without  slacking,  and  had  a  smooth 
and  glossy  fracture. 

Briquets  from  test  257  hardened  at  a  rather  high  temperature  and 
fractured  with  difficulty.  When  cold  these  briquets  had  a  firm, 
smooth  surface,  were  somewhat  brittle,  and  formed  some  slack  when 
broken. 

Briquetting  tests. 


est  253. 

Test  256. 

Test  257. 

0.8 

0.1 

3.5 

6.1 

14.7 

28.8 

27.0 

29.5 

54.0 

35.5 

English. 
202 

Renfrew  No.  2. 
204 

Renfrow  No.  2. 
205 

W.  G.  P. 

5458 
6 

W 

G.  P. 

5458 
6 

W 

G.  P. 

5563 

7 

24,600 
3.53 
6.09 

12,000 
0.617 
2.71 

10,000 

0.588 

4.91 

76.4 
23.6 

62.0 
38.0 

37.5 
62.5 

71.8 
28.2 
89.7 

58.5 
41.5 
95.0 

47.5 
52.5 
95.0 

162 
A 

154 
B 

154 
B 

30 
12.02 
2.04 
1.143 

21 
14.46 
2.71 
1.121 

21 
15.79 
3.12 
1.101 

Size  as  used: 

Over  i  inch per  cent 

tV  to  i  inch do. . 

15  to  ^  inch do . . 

tV  to  /sinch do.. 

Through  ^V  inch do. . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature "  F 

Binder — 

Kind 

Laboratory  No , 

Amoimt per  cent. 

Weight  of — 

Fuel  briquetted pounds. 

Briquet,  average do. . . 

Moisture  in  briquet  mixttu-e per  cent. 

Drop  test  (1-inch  screen): 

Held do. . . 

Passed do. . . 

Tumbler  test  (1-inch  screen): 

Held do... 

I^assed do. . . 

Fines  through  10-mesh  sieve do. . . 

Weather  test: 

Time  exposed days. 

Condition 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 

Test  253. 

Test  256. 

5459 

5477 

5478 

1.52 

1.86 

1.69 

15.01 

17.26 

18.40 

76.19 

75.54 

74. 20 

7.28 

5.34 

5.65 

.62. 

.66 

.64 

4.45 

4.45 

4.50 

83.78 

85.46 

85.31 

1.14 

1.09 

1.11 

2.61 

2.89 

2.68 

Test  257. 


Laboratory  No 

Proximate: 

Moisture per  cent 

Volatile  matter do. . 

Fixed  carbon do . . 

Ash do.. 

Sulphur do. . 

Ultimate: 

Hydrogen do . . 

Carbon do.. 

Nitrogen do. . 

Oxygen do.. 


5743 

1.06 
17.30 
70. 13 

5.51 
.65 

4.63 

86.06 

1.10 

1.98 


Extraction  analyses. 


Laboratory  No 

Air-drying  'oss per  cent. . 

Extracted  by  CS2  (as  received) do 

Pitch  in  briquet,  by  analysis do 

Heat  value B.  t.  u.. 


Pitches. 


5458 


92. 92 


16, 893 


5563 


90.33 
'i6,'7i8 


Fuel,  J-3 


5459 
0.90 
0.47 


14,443 


Briquets. 


Test  253.    Test  256.    Test  257. 


5477 
1.30 
5.03 
4.93 
14,828 


5478 
1.20 
5.28 
5.20 
14, 728 


5743 
0.70 
5.86 
6.00 
14,836 
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WEST  VIRGINIA— JAMESTOWN  NO.  6. 

The  sample  designated  Jamestown  No.  5  consisted  of  two  cars  of 
semibituminous  run-of-mine  coal  from  a  mine  working  the  Sewell  bed, 
1  mile' east  of  Sewell,  Fayette  Count}-',  W.  Va.,  on  the  Chesapeake  & 
Ohio  Railway. 

Of  the  two  tests  made  on  this  coal,  the  briquets  of  test  258  were 
better  than  those  of  test  259.  The  warm  briquets  of  test  258  had 
smooth  surfaces  and  were  difficult  to  fracture.  The  cold  briquets 
were  very  hard  and  brittle  and  formed  some  slack  when  broken.  The 
warm  briquets  from  test  259  had  smooth  surfaces,  were  very  plastic, 
and  high  in  moisture;  the  cold  briquets  had  a  very  hard,  firm  surface, 
and  fractured  without  slacking. 

Briquetting  tests. 


Test  258. 


Test  259. 


Size  as  vised: 

Over  }  inch per  cent . . 

^  inch  to  1  inch do 

^  inch  to  T*5  inch do 

■^  inch  to  5*5  inch do 

Through  ^j^^  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F. . 

Binder- 
Kind  

Laboratory  No 

Amount per  cent . . 

Weight  of— 

Fuel  briquetted pounds.. 

Briquet,  average do 

Moisture  in  briquet  mixture per  cent. . 

Drop  test  (l-inch  screen): 

Held do. . . . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do. . . . 

Passed do 

Fines  through  10-mesh  sieve do 

Weather  test: 

Time  exposed days. . 

Condition 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


6.5 

27.0 

31.0 

35.3 

Renfrow  No.  2. 
199 

Renfrow  No.  2. 
200 

W.  G.  P. 

556.3 

7 

W.  G.  P. 

5458 
7 

136,000 

0. 56S 

0. 14 

2.000 
0.588 

70.0 
30.0 

71.5 
28.5 
95.5 

1,54 
A 

21 
14.99 
2.52 
1.092 


48.5 
51.5 

67.5 
32.5 
95.2 

154 
A 

21 
15.28 
2.62 
1.103 


Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 

Test  258. 

Laboratorv  No 

5453 

3.37 
21.80 
70.74 

4.09 
.58 

4.85 

85.06 

1.39 

3.87 

5744 

Proximate:  • 
Moisture 

per  cent. . 

1.32 

Volatile  matter 

do 

24.97 

Fixed  carbon 

do.... 

67.91 

Ash     

: do.... 

5.80 

Sulphur 

do.... 

.63 

Urtimate: 

Hydrogen 

do... 

4.81 

Carbon 

do.... 

83.88 

Nitrogen 

do.... 

1.16 

Oxygen 

do... 

3.63 

DETAILS   OF   BRIQUETTING   TESTS. 
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Pitches. 


Briquets, 
test  258. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CS2(as  received) do... 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.  u. 


90.33 

'ie'ns' 


92.92 


5453 
2.60 
0.51 


16,893         14,522 


5744 
0.90 
6.62 
6.81 

14,677 


WEST  VIRGINIA— JAMESTOWN  NO.  6. 

The  sample  designated  Jamestown  No.  6  consisted  of  two  cars  of 
semibituminous  nm-of-mine  coal  from  a  mine  working  the  Sewell 
bed,  Redstar  Fayette  County,  W.  Va.,  on  the  Chesapeake  &  Ohio 
Railway. 

The  briquets  made  from  this  coal  were  excellent  in  their  physical 
characteristics,  and  when  warm  had  smooth  surfaces,  sharp  edges,  and 
were  sufficiently  strong  to  be  loaded  on  cars  direct  from  the  briquetting 
machine.  When  cold,  these  briquets  were  hard  and  firm,  but  some- 
what brittle  on  the  edges. 

Briquetting  test. 


Test  260. 


Size  as  u.sed: 

Overi  inch percent. 

^  inch  to  }  inch do . . . 

,\f  inch  to  1^  inch do. . . 

^5  inch  to  ,V  inch do. . . 

Through  ^'5  inch do. . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F. 

Binder — 

Kind 

Laboratory  No 

Amount per  cent. 

Weight  of — 

Fuel  briquetted pounds. 

Briquet,  average do. . . 

Moisture  in  briquet  mixture .  per  cent . 


0.8 

3.1 

11.2 

26.3 

54.8 

English. 
203 

W.  G.  P. 

5563 
6 

41,400 
3.52 
5.47 


Drop  test  (1-inch  screen). 

Held percent. 

Passed do . . . 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed do... 

Fines    through     10-mesh    sieve 

per  cent 

Weather  test: 

Time  exposed days. 

Condition 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


Test  260. 


80.2 
19.8 


77.4 
22.6 


135 
A 

35 
13.19 
2.24 
1.117 


Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 

Test  260. 

Raw  fuel. 

Test  260. 

Laboratory  No 

5489 

2.09 
19.39 
74.63 

3.89 
.89 

5558 

2.15 

21.87 

71.13 

4.85 

.81 

Ultimate: 

Hydrogen. . 

Carbon 

Nitrogen 

Oxygen 

...percent.. 

do 

do... 

do... 

4.74 

81.31 

1.36 

7.71 

Proximate: 

Moisture 

Volatile  matter 
Fixed  carbon . . 

Ash 

Sulphur 

percent. . 

.  ..do 

....do.... 
....do... 
....do.... 

4.96 

85.20 

1.56 

2.49 

Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CS2  (as  received) do... 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.  t.  u. 


Pitch. 


5563 


90.33 

ie.'ns 


Fuel,J-6, 


5489 
1.50 
0.36 


14,783 


Briquets, 
test  260. 


5558 
1.50 
5.32 
5.51 
14,715 
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WEST  VIRGINIA— JAMESTOWN  NO.  7. 


1 


The  sample  designated  Jamestown  No.  7  consisted  of  three  cars  of 
semibituminous  run-of-mine  coal  from  a  mine  working  the  Sewell  bed, 
Denyhale,  Fayette  County,  W.  Va.;  on  the  Chesapeake  &  Ohio 
Railway. 

The  briquets  made  on  the  Renfrow  No.  2  macliine  from  this  coal 
with  7  per  cent  of  binder  (Lab.  No.  5563)  stood  the  cohesion  tests 
better  than  those  made  on  the  English  macMne  with  6  per  cent  of 
the  same  bmder.  Both  were  excellent  briquets,  gave  a  fine  metallic 
rmg  when  struck,  had  smooth,  firm  surfaces,  broke  with  difficulty,  and 
had  firm  and  glossy  fractures. 

Bn'quetting  te.'^ts. 


Test  262. 


Size  as  used: 

Over  i  inch per  cent. . 

Y>5  inch  to  J  inch do 

jijy  inch  to  ^\  inch do 

,V  inch  to  jV  inch do 

Throuiih  Jj  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature "  F . . 

Binder- 
Kind  

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  liriquetted : pounds. . 

Briquet,  average do 

Moisture  in  briquet  mLxture per  cent. . 

Drop  test  (1-inch  screen): 

Held do.... 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve do 

Weather  test: 

Time  exposed days. . 

Condition ". . . . 

Absorption  test: 

Tmie  immersed days. . 

Water  absorbed per  cent. . 

Average  for  fLst  4  days do 

Specific  gravity  (apparent)' 


0.3 

6.0 

25.1 

29.3 

39.3 

Renfrew  No.  2. 
193 

W.  G.  P. 
5563 


38,000 
0.617 

4.71 

71.0 
29.0 

80.5 
19.5 
95.2 

132 
B 

11 
12.21 
2.85 
1.029 


Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 

Test  261. 

5501 

55S3 

2.00 

2.70 

17.57 

20.28 

74.10 

72.74 

6.33 

4.28 

.91 

.81 

4.59 

4.77 

83.03 

86.07 

1.31 

1.49 

3.68 

2.44 

Test  262. 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

FLxed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxvgen 


.per  cent 

do.. 

do.. 

do.. 

do.. 


.do., 
.do., 
.do., 
.do.. 


5559 

0.93 
18.52 
74.65 

5.90 

.81 

4.69 

84.46 

1.51 

2.56 
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Pitch. 


Fuel, 
J-7. 


Briquets. 


Test  261.    Test  262 


Laboratory  No 

Air-dryinf;  loss 

Extract  by  CS2  (as  received). 
I'itch  in  briquet  by  analysis. 
Heat  value 


5563 


.percent. 

do... 

do... 

..B.t.u. 


90.33 


5501 
1.40 
.40 


5583 
2.10 
4.99 
5.12 
14, 886 


5559 
0.30 
6.56 
6.85 
14,717 


WEST  VIRGINIA— JAMESTOWN  NO.  8. 

The  sample  designated  Jamestown  No.  8  consisted  of  two  cars  of 
semibituminous  nin-of-mine  coal  from  a  mine  working  the  Qumni- 
mont  (Fire  Creek)  bed,  Lawton,  Fayette  County,  W.  Va.,  on  the 
Chesapeake  &  Ohio  Railway. 

This  coal  was  briquetted  with  binders  as  follows:  Tests  263,  264, 
and  270,  with  flour  binder  alone;  test  271,  with  water-gas  pitch  alone; 
and  the  remaining  tests,  265,  266,  267,  268,  and  269,  with  various 
mixtures  of  flour  and  water-gas  pitch. 

All  of  the  briquets  made  with  flour  alone  disintegrated  very  rapidly 
on  exposure  to  the  weather,  and  one  sample  (from  test  270)  crumbled 
to  slack  when  handled  after  being  immersed  in  water  for  24  hours. 
The  briquets  made  with  1  per  cent  of  flour  binder  were  not  strong 
enough  to  be  satisfactory,  but  all  of  the  other  briquets  made  with  flour 
alone  or  with  a  mixture  of  flour  and  water-gas  pitch  stood  the  cohesion 
tests  better  than  the  briquets  that  had  only  water-gas  pitch  for  a 
binder.  A  comparison  of  tests  267,  268,  and  269  with  test  271  shows 
that  in  the  first  three  tests  the  drop  and  tumbler  percentages  were 
higher  than  in  the  fourth  test.  All  briquets  containing  any  flour  soon 
became  co  veered  with  a  green  mold  when  stored  in  a  damp  place  and 
lost  strength,  but  those  stored  in  a  dry  place  developed  no  mold,  and 
even  after  eight  months  were  seemingly  as  good  as  when  first  made. 
In  making  briquets  with  flour  alone,  some  difficulty  was  experienced 
from  the  briquets  sticking  to  the  dies  of  the  press,  but  it  is  probable 
that  when  the  conditions  are  better  understood  this  trouble  may  be 
obviated.  The  briquets  from  test  268  were  stronger  than  those  from 
any  other  of  the  nine  tests  made  of  this  coal,  but  those  from  test  269 
were  almost  as  strong.  The  briquets  made  with  7  per  cent  of  water- 
gas  pitch  alone  (test  271)  were  of  excellent  quality,  but  were  somewhat 
sticky  when  hot,  although  they  were  loaded  into  the  car  direct  from 
the  machine  with  very  little  breakage.  No  samples  were  taken  for 
sizing  tests  and  chemical  analyses  from  the  briquets  made  in  tests 
263  to  270,  inclusive,  as  all  these  tests  were  of  preliminary  nature. 
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Briquetting  tests. 


Test  No. 

263. 

264.     ' 

270. 

.    265. 

266. 

Details  of  manufacture: 

Renfrew  No. 2 
198 

Flour. 

6110 

1.0 

500 
0.558 

English. 
201 

Flour. 

6110 

2.0 

500 
3.55 

Renfro\vNo.2 

English. 

201 

1            Flour. 
\       W.  G.  P. 
(      Floiu-6110 
■\W.G.P.5939 
/           1  flour. 
\      3W.G.P. 

500 
3.47 

English. 

Briquetting   temperature, 

Binder- 
Kind  

Hour. 
6110 

4 

500 
0.595 

7.29 

79.5 
20.5 

89.0 
11.00 

96.0 

132 
E 

1 
10.60 

(a) 

1.079 

Flour. 
W.G.  P. 

Flour  6110 

W.G.  P.  5939 

2  flour. 

2  W.G.  P. 

500 
3.55 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted ...  lbs. . 

Briquet,  average  .  .do. . 

Moisture  in  briquet  mixture, 

Drop  test  (1-inch  screen): 

Held percent.. 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do 

Fines     through     10-mesh 
sieve per  cent. . 

Weather  test: 

Time  exposed days.. 

65.5 
34.5 

31.9 
68.1 

92.7 

132 
E 

s 

5.94 

1.53 
1.222 

60.2 
39.8 

56.0 
44.0 

92.0 

132 
E 

9 
9.76 

2.44 
1.184 

60.2 
39.8 

67.2 
32.8 

94.0 

132 
C 

8 
9.31 

2.31 
1. 168 

76.1 
23.9 

75.6 
24.4 

89.2 

132 
D 

Absorption  test: 

Time  unmersed days. . 

Water  absorbed. per  cent.. 

Average     for     first     four 

days percent.. 

Specific  gravity  (apparent) 

4 
10.29 

2.57 
1.157 

Test  No. 

267. 

268. 

269. 

271. 

Size  as  used: 

Over}  inch 

■jiij  inch  to  J  inch 

0.0 

do 

9.3 

,>5  inch  to  tV  inch 

^  inch  to  j'b  inch 

Through  ^fV  inch 

Details  of  manufacture: 

do 

35.5 

do 

29.2 

do    . 

28.0 

Renfrow  No.  2 

Renfrow  No.  2 

Renfrow  No.  2 

Renfrow  No.  2 

Briciuetting  temperature 
Binder — 

op 

196 

{ 

Flour. 

Flour. 

Flour. 

]            W.  G.  P. 

W.  G.  P. 

W.  G.  P. 

W.  G.  P. 

{w 

FlourGllO 

Flour  61 10 

Flour  0110 

1                    5941 

.  G.  P.  5941 

W.  G.  P.  5941 

W.  G.  P.  5941 

Amount 

.per  cent. . 

{ 

2  flour. 
2  W.  G.  P. 

2  flour. 
3  W.  G.  P. 

2  flour. 
2  W.  G.  P. 

} 

Weight  of — 

Fuel  briquetted 

.  poimds.. 

500 

500 

500 

81,250 

Briquet,  average . . . 

...do... 

0. 562 

0. 588 

0.  562 

0.633 

Moisture  in  briquet  mixture. 
Drop  test  (1-inch  screen): 

6.29 

5.72 

5.21 

Held 

....do.... 

84.0 

87.0 

84.5 

46.5 

Passed 

....do.... 

16.0 

13.0 

15.5 

53.5 

Tumbler  test  (1-inch  screen) 

Held 

.percent.. 

81.0 

91.0 

88.0 

Passed 

..  ..do.... 

19.0 

9.0 

12.0 

42.0 

Fines  through  10-mesh  sieve. do 

95.7 

96.7 

97.0 

95.5 

Weather  test: 

Time  exposed 

days.. 

132 

132 

132 

127 

E 

B 

C 

A 

Absorption  tost: 

Time  immersed 

—  days.. 

4 

5 

4 

12 

Water  absorbed 

.per  cent.. 

11.47 

8.09 

16.56 

15.31 

Average  for  flrst  4  days. 

do.... 

2.87 

2.00 

4.14 

3.56 

1.150 

1.196 

1.087 

1.100 

o  Sample  cnmibled  after  one  day's  immersion. 
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DETAILS   OF   BBIQUETTING   TESTS.  251 

Chewical  analyses  of  semibituminous  coal  from  Laivton,  W.   Va.,  and  of  flour  binder. 


Raw 
fuel. 

Test 
271. 

Flour 
binder. 

Laboratory  No 

5575 

2.80 
17.10 
74.80 

5.30 
.86 

4.75 

85.07 

1.44 

2.41 

5713 

3.28 
18.50 
73.44 

4.78 
.84 

4.75 

85.05 

1.11 

3.28 

6110 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

\sh 

per  cent. . 

do 

do... 

do 

13.30 

72.30 

13.50 

.90 

Sulphm" 

do 

.10 

Ultimate: 

Hydrogen 

•. do    . 

Carbon 

do 

Nitrogen 

do 

Oxygen 

do 

Extraction  analyses. 


Binders. 


Pitch. 


Fuel, 
J-8. 


Briquets, 
test 
271. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CS2  (as  received). 
Pitch  in  briquets  by  analysis... 
Heat  value 


6110 


5939 


.per  cent. 
....do... 

do... 

...B.t.u. 


98.44 
'i6,'978' 


6,998 


98.13 


5575 
2.20 
0.52 


14,701 


5713 
2.90 
4.80 
4.38 
14,584 


WEST  VIRGINIA— JAMESTOWN  NO.  9. 

The  sample  designated  as  Jamestown  No.  9  consisted  of  two  cars 
of  semibituminous  run-of-mine  coal  from  a  mine  working  the  Sewell 
bed,  WiQona,  Fayette  County,  W.  Va.,  on  the  Chesapeake  &  Ohio 
Railway. 

The  coal  was  briquetted  with  three  different  kinds  of  pitch  binder. 

The  briquets  from  test  274  made  with  water-gas  pitch  (Lab.  No.  5939) 

were   the  strongest  of   the   three.     All   three   tests   made   excellent 

briquets,  wliich  gave  a  good  metallic  ring  when  knocked  together, 

had  smooth,  hard  surfaces,  were  broken  with  difficulty,  and  had  firm 

and  glossy  fractured  surfaces.     No  analyses  of  briquets  from  tests 

273  and  274  were  made. 

Briquetting  tests. 


Size  as  used: 

Over  i  inch per  cent. 

^  inch  to  J  inch do... 

j'j  inch  to  T^  inch do. . . 

-^  inch  to  ^'5  inch do. . . 

Through  ^^  inch do. . . 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F. 

Binder— 

Kind 

Laboratory  No 

Amount per  cent. 

Weight  of— 

Fuel  briquetted pounds. 

Briquet,  average do. . . 


Test  No. 

272. 

273. 

274. 

0.0 

7.9 

22.9 

30.5 

37.1 

Renfrew  No.  2 
195 

W.  G.  P. 

5941 

7 

46,000 
0. 625 

Renfrew  No.  2 

198 

W.  G.  P. 

5563 

7 

2,000 
0.  G02 

Renfrew  No.  2 

198 

W.  G.  P. 
5939 

7 

2,000 
0.610 
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FUEL-BRIQUETTING   INVESTIGATIONS. 
Briquetting  tests — Continued. 


Moisture  in  briquet  mixture per  cent. . 

Drop  test  (l-inch  screen): 

Held do. . . . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do 

Fines  through  lO-mesh  sieve do 

Weather  test: 

Time  exposed days. . 

Condition 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


5.65 

57.5 
42.5 

64.0 
36.0 
95.1 

125 
A 

12 
16.  66 
3.49 
1.072 


Test  No. 


273. 


71.0 
29.0 

77.0 
23.0 

96.7 

52 
A 

21 

13.02 

2.75 

1.118 


73.0 
27.0 

83.5 
16.5 
96.6 

125 
A 

13 
13.14 
2.79 
1.117 


Chemical  analyses  of  coal  and  briquets. 


Extraction  analyses. 


Raw 
fuel. 

Test 
272. 

5709 

3.98 
23.21 
67.  41 

5.40 
.66 

5.01 

82.85 

1.40 

4.43 

5745 

Proximate: 

per  cent. . 

2.64 

do 

25.29 

do... 

67.61 

Ash                        

do... 

4.46 

do... 

.65 

Ultimate: 

do.... 

5.00 

do... 

84.57 

do.... 

1.14 

do.... 

4.05 

Pitches. 


Fuel, 
J-9. 


Briquets, 
test  272. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CS2  (as  received) do. .. 

Pitch  in  briquet  by  analysis do.. . 

Heat  value B.  t.  u. 


5941 


98.44 
'i6,'978' 


5563 


90.33 
"  16,' 718' 


98.13 
'i6,"78i' 


5709 
3.00 
0.69 


14,238 


5745 
2.10 
4.77 
4.18 
14,699 


WEST  VIRGINIA— JAMESTOWN  NO.  10. 

The  sample  designated  as  Jamestown  No.  10  consisted  of  two  cars 
of  semibituminous  run-of-mine  coal  from  a  mine  w^orking  the  Beckley 
bed,  Stanaford,  Raleigh  County,  W.  Va.,  on  the  Chesapeake  &  Ohio 
Railway. 

Test  275  gave  satisfactory  briquets  w^ith  6  per  cent  of  water-gas 
pitch  (Lab.  No.  5941).  The  briquets  had  smooth,  firm  surfaces,  sharp 
edges,  were  broken  with  difficulty,  and  had  firm  and  glossy  fracture 
surfaces. 


DETAILS   OF   BEIQUETTING  TESTS. 

Briquetting  test. 
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Size  as  used: 

Over  i  inch per  cent. . 

T^s  inch  to  i  inch do 

-,\  inch  to  tV  inch do 

-^^  inch  to  ,'5  inch do 

Through  ts  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F. . 

Binder — 

Kind 

Laboratory  No 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet,  average do 

Moisture  in  briquet  mixture. per  cent. . 


Test  275. 


4.5 
16.0 
28.8 
25.4 
25.3 

English. 
182 


W. 


G.  P. 

5941 

6 

53,550 
3.83 
6.45 


Drop  test  (1-inch  screen): 

Held per  cent 

Passed do . . 

Tumbler  test  (1-inch  screen): 

Held do.. 

Passed do . . 

Fines  through  10-mesh  sieve. do. . 

Weather  test: 

Time  exposed days 

Condition 

Absorption  test: 

Time  immersed days 

Water  absorbed per  cent 

Average  for  first  4  days do. . 

Specific  gravity  (apparent) 


Test  275. 


33.7 
66.3 

55.0 
45.0 

90.0 

120 
A 

21 
8.75 
2.07 
1.205 


Chemical  analyses  of  coal  and  briquets. 


Test  275. 


Laboratory  No 

Proximate: 

Moisture per  cent.. 

Volatile  matter do 

FLxed  carbon do 

Ash do 

Sulphur do 

Ultimate: 

Hydrogen do 

Carbon do 

Nitrogen do 

Oxygen do 


5746 

3.83 
18.69 
69.03 

8.45 
.91 

4.63 

81.32 

1.24 

3.07 


Extraction  analyses. 


Pitch. 


Fuel, 
J-10. 


Briquets, 
test  275. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CS2  (as  received). 

Pitch  in  briquet  by  analysis 

Heat  value 


.percent.. 

do.... 

....do... 
..B.t.u.. 


5941 
"'98.' 44' 
'i6,"97s' 


5719 
1.40 
0.64 


14,024 


5746 
.3.40 
5.07 
4.53 
13,871 


WEST  VIRGINIA— JAMESTOWN  NO.  11. 

The  sample  designated  as  Jamestown  No.  11  consisted  of  two  cars 
of  semibituminous  run-of-mine  coal  from  a  mine  working  the  Beckley 
bed,  West  Raleigh,  Raleigh  County,  W.  Va.,  on  the  Chesapeake  & 
Ohio  Railway. 

In  test  276  excellent  briquets  were  made  from  this  coal  with  7  per 
cent  of  water-gas  pitch  (Lab.  No.  5941). 

In  test  277  six  tons  of  briquets  was  made  on  the  English  machine, 
with  3  per  cent  of  flour  for  a  binder.  The  briquets  were  strong  even 
after  standing  for  three  months  in  a  damp  place,  and  briquets  kept 
in  a  dry  place  for  seven  months  appeared  as  good  as  when  first  made. 
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FUEL-BRIQUETTING  INVESTIGATIONS. 


After  exposure  to  the  weather  for  six  weeks  in  the  wintertime,  a 
sample  of  the  briquets  could  be  handled  and  was  still  serviceable,  so 
that  it  woidd  seem  that  flour  may  bo  considered  a  satisfactory  binder 
when  the  briquets  made  from  it  are  nqt  exposed  to  the  weather  for 
more  than  two  months. 

In  test  289,  in  order  to  compare  flour  and  pitch  binders,  6  tons  of 
this  coal  was  briquetted  with  6  per  cent  of  water-gas  pitch  (Lab. 
No.  5940) ;  an  excellent  briquet  was  obtained.  A  comparison  of  the 
briquets  from  this  test  mth  those  made  with  flour  binder  (test  No. 
277)  shows  that  the  flour  briquets  were  stronger  as  indicated  by 
physical  tests  but  did  not  resist  the  effects  of  weathering  as  well  as 
the  pitch  briquets. 

In  test  290  a  mixture  of  50  per  cent  of  Jamestown  No.  11  and 
50  per  cent  of  anthracite  coal  (buckwheat  size),  designated  as  James- 
town No.  18,  was  made  to  determine  whether  fine  anthracite  could  be 
improved  by  briquetting  with  a  bituminous  coal.  A  very  satisfactory 
briquet  was  obtained  which  had  a  firm,  smooth  surface,  was  hard  to 
break,  and  had  firm  and  glossy  fracture  surfaces. 

Briquetting  tests. 


Test  276. 

Test  277. 

Test  289. 

0.1 

0.4 
4.2 
23.2 
39.6 
32.6 

7.4 

29.9 

27.7 

34.9 

11.41 

Renfrew  No.  2. 
190 

English. 
185 

English. 

W.  G.  P. 
5941 

7 

Flour. 

6110 

3 

W.  G.  P. 

5940 

6 

42,000 

0.610 

4.60 

12,000 
3.78 
11.41 

12,750 
3.77 
10.10 

70.0 
30.0 

77.2 
22.8 

68.2 
31.8 

77.5 
22.5 
94.0 

60.7 
39.3 
88.3 

72.0 
28.0 

88.2 

120 
A 

120 
D 

102 
A 

9 
13.45 
3.2.') 
1.117 

5 

4.43 

1.05 

1. 239 

31 
9.82 
1.21 
1.161 

Test  290.O 


Size  as  used: 

Over  J  inch per  cent. . 

■^  inch  to  i  inch do 

,"o  inch  to  iV  inch do 

;^  inch  to  i'b  inch do 

Through  ,'5  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °  F . . 

Binder — 

Kind 

Laboratory  No 

Amovmt per  cent.. 

Weight  of— 

Fuel  briquetted pounds. . 

Briquet,  average do 

Moisture  in  briquet  mLxture per  cent. . 

Drop  test  (1-inch  screen): 

Held do. . . . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

I'assed do 

Fines  through  10-mesh  sieve do 

Weather  test: 

Time  exposed days. . 

Condition 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


5.7 
17.2 
19.6 
18.9 
38.6 

English. 
191 

W.  G.  P. 

5940 

6 

12,350 
4.15 


68.3 
31.7 

78.5 
21.5 
87.5 

102 
A 

31 
9.85 
1.31 

1.247 


a  Jamestown  No.  11,  50  per  cent;  Jamestown  No.  18,  50  per  cent. 


DETAILS   OF   BRIQUETTING   TESTS. 
Chemical  analyses  of  coal  and  briquets. 
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Raw  fuel.  Test  276. 


Test  277. 

Test  289. 

6111 

6112 

3.20 

0.80 

3.83 

1.61 

15.77 

20.30 

74.50 

71.98 

5.90 

6.11 

.69 

.79 

4.13 

4.00 

82.59 

82.58 

.88 

1.47 

5.55 

4.94 

4.63 

4.21 

14,584 

14,186 

Test  290. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent . 

Moisture do. . . 

Volatile  matter do. . . 

Fixed  carbon do... 

Ash do.. . 

Sulphur do.. . 

Ultimate: 

Hydrogen do. . . 

Carbon do . . . 

Nitrogen do.. . 

Oxygen do.. . 

Extract  by  CSj  (as  received) do... 

Pitch  in  briquet  by  analysis do. . . 

Heat  value B.t.u. 


5718 

1.50 
2.15 
15.06 
75.46 
7.33 
.90 

4.58 

84.09 

1.58 

1.34 

.59 


14,391 


5756 

2.30 
2.73 
18.27 
73.56 
5.44 


4.54 
85.15 
1.36 
2.68 
5.21 
4.72 
14,630 


6113 

2.20 
3.42 
13.03 
75.93 

7.62 
.63 

3.50 
83.01 
1.50 
3.45 
5.25 
5.12 
13,921 


WEST  VIRGINIA— JAMESTOWN  NO.  12. 

The  sample  designated  Jamestown  No.  12  consisted  of  one  car  of 
semibitiiminous  coal  from  a  mine  working  Pocahontas  No.  3  bed, 
Switchback,  McDowell  County,  W.  Va.,  on  the  Norfolk  &  Western 
Railway. 

This  coal  was  briquetted  first  with  6  per  cent  of  water-gas  pitch 

(Lab.  No.  5941),  and  such  excellent  briquets   were   obtained  that 

test  279  was  made  to  see  whether  5  per  cent  of  the  same  binder  would 

make  a  satisfactory  briquet.     The  briquet  with  5  per  cent  of  pitch 

was  found  to  be  better  than  that  contaimng  6  per  cent.     Both  tests 

made   excellent   briquets,   which  had   firm,   smooth  surfaces,   were 

broken  with  difficulty,  and  had  firm,  close-grained,  and  shiny  fracture 

surfaces. 

Briquetting  tests. 


Size  as  used: 

Over  J  inch percent. 

tV  inch  to  i  inch do... 

,'5  inch  to  tV  inch do. . . 

tV  inch  to  ,'5  inch do. .. 

Through  3=5  inch do... 

Details  of  manufacture: 

Machine  used 

Briquetting  temperature °  F . 

Binder- 
Kind 

Laboratory  No 

Amount per  cent . 

Weight  of— 

Fuel  briquetted IX)unds. 

Briquets,  average do. . . 

Moisture  in  briquet  mixture per  cent. 

Drop  test  (1-inch  screen): 

Held..  do. . . 

Passed do . . . 

Tumbler  test  (1-inch  screen): 

Held. do . . . 

Passed do... 

Fines  through  10-mesh  sieve do. . . 

Weather  test: 

Time  exposed days . 

Condition 

Absorption  test: 

Time  immersed days. 

Water  absorbed per  cent. 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


Test  278. 


5.6 
18.1 
33.8 
23.2 
19.3 

Renfrow  No.  2. 
195 

W.  G.  P. 

5941 

6 

38,000 

0.676 

5.03 

59.0 
41.0 

72.0 
28.0 
90.9 

137 
A 

5 
11.73 
2.91 
1.251 


Test  279. 


5.6 
18.1 
33.8 
23.2 
19.3 

Renfrow  No.  2. 
194 

W.  G.  P. 

5941 

5 

16,000 
0.709 


66.5 
33.5 

78.5 
21.5 
93.2 

137 
A 

4 

12.18 
3.05 
1.248 
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FUEL-BRIQUETTING  INVESTIGATIONS. 

Chemical  analyses  of  coal  and  briquets. 


Laboratory  No .". 

Proximate: 

Moisture per  cent. 

VolatOe  matter do.. . 

Fixed  carbon do. . . 

Ash do... 

Sulphur ■ do. . . 

Ultimate: 

Hydrogen do.. . 

Carbon do. . . 

Nitrogen -. do . . . 

Oxygen do . . . 


Raw 
fuel.a 


5706 

3.01 
15.94 
76.31 

4.74 
.44 


Test 
278. 


5856 

1.71 
13.96 
68.36 
15.97 
.42 

3.87 

74.41 

.78 

4.26 


a  Analysis  of  mine  sample;  no  ear  sample  taken. 
Extraction  analyses. 


Pitch. 


Fuel, 
J-12. 


Briquets, 
test  278. 


Laboratory  No 

Air-drying  loss per  cent . 

Extracted  by  CSj  (as  received) do. . . 

Pitch  in  briquet  by  analysis do . . . 

Heat  value B.  t.  u. 


5941 
"98.44 
"i6,'978 


5706 
2.40 
0.17 


14,715 


5856 
1.10 
5.74 
5.67 
12,938 


WEST  VIRGINIA— JAMESTOWN  NO.  13. 

The  sample  designated  Jamestown  No.  13  consisted  of  three  cars  of 
semibitiiminous  nm-of-mine  coal  from  a  mine  working  the  Pocahontas 
No.  3  bed,  Ennis,  McDowell  County,  W.  Va.,  on  the  Norfolk  &  Western 
Railway. 

This  coal  was  briquetted  on  both  the  English  and  the  Renfrew 
No.  2  machines.  The  briquets  were  shipped  from  the  plant  for  loco- 
motive tests  without  any  samples  being  retained,  so  no  physical  tests 
could  be  made  of  the  briquets.  In  appearance,  just  after  making,  the 
bric^uets  made  on  the  English  machine  were  very  satisfactory  and  had 
firm,  smooth  surfaces. 

The  locomotive  steaming  tests  are  briefly  described  under  the 
heading  "Locomotive-boiler  Tests  ." 

Briquetting  tests . 


Details  of  maqufaeture: 

Machine  used 

Binder- 
Kind  

Laboratory  No 

Amount per  cent. . 

Weight  of  fuel  briquetted pounds. . 


Test  287. 


Renfrew  No.  2. 

W.  G.  P. 

5940 

6 

160,000 


DETAILS   or   BKIQUETTING   TESTS, 
Chemical  analyses  of  coal  and  briquets. 
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Test  2B6. 


Laboratory  No 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon . . . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


5948 

3.10 
17.08 
73.11 

6.71 
.52 

4.16 

83.33 

1.00 

4.05 


Extraction  analyses. 


Pitch. 


Fuel, 
J.  13. 


Briquets, 
test  286. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CSj  (as  received). 

Pitch  in  briquet  by  analysis 

Heat  value ." 


.per  cent. 

do... 

do... 

...B.  t.  u. 


96.60 

"ie.'iso 


5829 

2.80 

.34 


14,290 


5948 
2.60 
5.17 
5.02 
14,299 


WEST  VIRGINIA^ JAMESTOWN  NO.  15. 

The  sample  designated  Jamestown  No.  15  consisted  of  several  cars 
of  semibituminous  run-of-mine  coal  from  a  mine  working  the  Sewell 
bed,  Minden,  Fayette  County,  W.  Va.,  on  the  Chesapeake  &  Ohio 
Railway,  and  was  tested  at  the  Norfolk  plant. 

In  test  280,  owing  to  the  presence  of  an  excessive  amount  of  mois- 
ture in  this  coal,  it  was  difficult  to  make  satisfactory  briquets  on 
the  English  machine.  Water  cracks  formed,  and  the  briquets  had  a 
porous  surface  which  was  easUy  rubbed  off.  They  were  easily  broken, 
forming  considerable  slack.  As  the  flowing  point  of  the  binder  used 
in  this  test  was  194°  F.,  the  briquetting  tem])erature  of  187°  F.  was 
not  high  enough  to  soften  the  pitch  sufficiently  to  obtain  the  best 
results. 

In  test  281  the  briquets  made  on  the  Renfrow  No.  2  machine  were 
probably  stronger  than  those  of  test  280,  made  on  the  English  machine, 
but  the  sample  saved  for  the  physical  tests  was  mislaid,  making  it 
impossible  to  apply  tests.  The  briquets  were  hard  and  showed  no 
water  cracks,  although  the  coal  was  very  wet. 

The  briquets  made  were  delivered  to  the  Chesapeake  &  Ohio  Rail- 
way for  trial  under  locomotive  boilers.  For  results  of  the  locomotive 
steaming  tests  see  pages  114  and  115. 
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FUEL-BRIQUETTING  INVESTIGATIONS. 
Briquetting  tests. 


Test  280. 


Test  281. 


Size  as  used: 

Over  \  inch per  cent. . 

■^  inch  to  i  inch do 

,'(5  hich  t o  T^j  inch do 

■^5  inch  to  ,>5  inch do 

Through  ^iV  inch do 

Details  of  manufacture: 

Machine  used 

Briquetting  temjMjrature °F . . 

Binder— 

Kind V 

Laboratory  No 

Amount . ." per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquets,  average do 

Moisture  in  briq  uet  mixture per  cent . . 

Drop  test  (1-inch  screen): 

Held do.... 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve do — 

Weather  test: 

Time  exposed days. . 

Condition 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

Average  for  first  4  days do 

Specific  gravity  (apparent) • 


27.1 
27.0 
36.9 

English. 

1S7 


0.0 

5.1 
28.6 
32.8 
33.0 

Renfrew  No.  2. 
190 


V.  G.  P. 

5941 

6 

W.  G.  P. 

5941 
6 

65,800 
3.57 
7.04 

300,000 

0.720 

6.87 

19.6 

80.4 

48.8 

51.2 

88.9 

137 
B 

125 
B 

5 

7.87 
1.95 
1.185 

11 
12.01 
2.92 

1.079 

Chemical  analyses  of  coal  and  briquets. 


Raw  fuel. 

Test  280. 

Test  281. 

5774 

3.80 
21.32 
67.30 

7.58 
.58 

4.56 

82.14 

1.36 

3.46 

5857 

1.09 

18.70 

73.60 

6.61 

.95 

4.63 

81.77 

1.21 

4.75 

5859 

Proximate: 

per  cent. . 

3.21 

Volal  ile  matter , 

do 

19.49 

Fixed  carbon 

Ash 

do.... 

do.... 

72.67 
4.63 

do.... 

.68 

Ultimate: 

do.... 

4.62 

do.... 

84.69 

do.... 

1.31 

do.... 

3.90 

Extraction  analyses. 


Pitch. 


Fuel, 
J-15. 


Briquets. 


Test  280.    Test  281 


Laboratory  No 

Air-drying  loss." 

Extracted  by  CSj  (as  received). 
Pitch  in  briquet  by  analysis . . . 
Heat  value 


5941 


. per  cent . 

do... 

do... 

..B.  t.u. 


98.44 
'i6,'978' 


5774 
3.00 
0.42 


14,009 


5857 
0.40 
5.54 
5.22 
14,548 


5859 
2.50 
5.77 
5.46 
14,575 


WEST  VIRGINIA— JAMESTOWN  NO.  16. 

The  sample  designated  Jamestown  No.  16  consisted  of  semibitu- 
minous  ruii-of-mine  coal  from  West  Virginia. 


DETAILS   OF   BRIQUETTING   TESTS. 
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The  coal  was  briquetted  with  four  different  kinds  of  water  gas 
pitch  binders,  6  per  cent  of  each  being  used.  Seemingly  the  best 
briquets  were  those  of  test  285,  although  those  of  test  282  were 
practically  as  good.  Both  of  these  tests  were  made  on  the  English 
machine.  Test  283,  made  on  the  Renfrow  No.  2  machine,  pro- 
duced satisfactory  briquets,  but  the  briquets  made  on  the  English 
machine  with  water-gas  pitch  in  test  284  (Lab.  No.  5939)  were  not 
satisfactory,  as  they  did  not  stand  the  physical  tests  well. 

Tests  283  and  285  made  briquets  with  smooth,  firm,  fine-grained 
surfaces;  they  broke  with  difficulty,  and  had  firm  and  hard  fracture 
surfaces. 

Test  282  made  good  briquets  as  far  as  strength  was  concerned, 
but  theu"  surfaces  were  rough  and  coarse-grained,  and  their  edges 
rubbed  off  somewhat  easily.  They  broke  with  difficulty,  and  the 
fracture  surface  was  coarse,  firm,  and  dull-black  m  color. 

Test  284  furnished  very  poor  briquets,  the  surfaces  of  which  were 
rubbed  off  easily,  owing  either  to  too  small  a  percentage  of  pitch  or 
to  too  low  a  briquetting  temperature;  the  briquets  were  easily 
broken,  and  the  fractured  surfaces  were  rough  and  easily  rubbed  off. 

The  entire  sample  was  made  into  briquets  and  delivered  to  the 
Atlantic  Coast  Line  Railway  Co.  for  locomotive  tests,  coal  from  the 
same  locality  being  regularly  used  by  the  engines  on  that  road. 

A  brief  description  of  the  locomotive  steaming  tests  and  results  is 
to  be  found  under  the  heading  ''Locomotive-boiler  Tests." 

Briquetting  tents. 


Test  282. 


Test  283. 


Test  284. 


Test  28.'-, 


Size  as  used: 

Over  i  inch per  cent 

■^  inch  to  5  incli do. . 

,«i5  inch  to  ^  inch do. . 

,'5  inch  1o^  inch do.. 

Througli  :^a  inch do. . 

Details  of  manufaC  ure: 

Machine  used 

Briquetting  temperature °F 

Binder- 
Kind 

Laboratory  No 

Amount per  cent 

Weight  of— 

Fuel  briquetted pounds 

Briquets,  average do. . 

Moisture  in  briquet  mi.xture per  cent 

Drop  test  (1-inen  screen): 

Held do.. 

I'assed do. . 

Tumbler  test  (1-inch  screen): 

Held do. . 

Passed do. . 

Fines  through  10-mesh  sieve do. . 

Weather  test: 

Tmie  exposed days 

Condition '. . 

Absorption  test: 

Time  immersed days 

Water  absorbed per  cent 

Average  for  first  4  days do . . 

Specific  gravity  (apparent) 


5.0 
16.0 
31.4 
26.3 
21.3 

English. 
174 

W.  G.  P. 

4879 
6 

52,048 
4.10 
9.55 

77.3 
22.7 

82.7 
17.2 
88.0 

137 
B 

31 
9.79 
0.89 
1.206 


0.1 
14.4 
36.0 
25.9 
23.6 

Renfrow  No.  2. 

189 

W.  G.  P. 

5941 
6 

66,000 

0.641 

7.55 

35.5 
64.5 

56.0 
44.0 
90.1 

125 
B 

31 

10. 55 

1.12 

1.126 


English. 


Renfrow  No.  2. 


W.  G.  P. 

5939 


30,600 
3.83 


39.2 
60.8 

47.8 
52.2 
90.1 

118 
B 

31 

15.98 

1.82 

1.112 


W.  G.  P. 

5940 
6 

37,400 
3.68 
8.40 

78.8 
21.2 

82.8 
17.2 
89.5 

118 
A 

31 

11.23 

1.13 

1.143 
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fu:rl-bkiquetting  investigations. 

Chemical  analyses  of  coal  and  briquets. 


Raw 
fuel. 

Test  282. 

Test  283. 

Test  284. 

5825 

5946 

5945 

5947 

4.89 

2.21 

2.27 

2.06 

29. 63 

30.97 

32.56 

31.65 

57.74 

52.97 

56.52 

58.74 

7.74 

13.85 

8.65 

7.55 

.72 

.89 

.85 

.80 

4.69 

4.27 

4.67 

4.69 

77. 63 

71.89 

77.73 

78.27 

1.27 

1.11 

1.25 

1.27 

7.51 

7.66 

6.63 

7.24 

Test  285. 


Laboratory  No 

Proximate: 

Moisture percent.. 

Volatile  matter do 

Fixed  carbon do 

Ash do 

Sulphur do 

Ultimate: 

Hydrogen do 

Carbon .- do  — 

Nitrogen do 

Oxygen do 


5853 
8.40 


Extraction  analyses. 


Fuel, 
J-16. 

Briquets. 

Pitches. 

Test 
282. 

Test 
283. 

Test 
284. 

Test 
285. 

Laboratory  No 

4879 

5939 

5940 

5941 

5825 
3.40 

0.68 

5946 
1.20 

5.43 

5.06 
12, 780 

5945 
1.40 

6.39 

5.84 
13, 754 

5947 
1.20 

5.10 

4.  54 
13,939 

5853 

7.00 

Extracted  by   CSa   (as   re- 
ceived)   per  cent . . 

Pitch  in  briquet  by  analysis, 

94.50 

98. 13 

98.60 

98.44 

Heat  value B.  t.  u.. 

16,805 

16, 781 

16, 780 

16,978 

13, 480 

WEST  VIRGINIA— JAMESTOWN  NO.  17. 

The  sample  designated  Jamestown  No.  17  consisted  of  semibitiimi- 
nous  run-of-mine  coal  from  the  Pocahontas  No.  3  bed  of  West  Virginia, 
and  was  tested  at  the  Norfolk  plant. 

Eighty  tons  of  this  coal  was  briquetted  for  a  special  test  on  the 
battleship  Connecticut  of  the  United  States  Navy,  and  as  it  was 
shipped  without  any  samples  being  retained,  no  data  exist  on  which 

to  make  a  report. 

Briquetting  tests. 


Test  288. 

Details  of  manufacture: 

American. 

Binder- 
Kind                                                                

W.  G.  P. 

5940 

percent.. 

6 

Dounds. . 

160,000 

Chemical  analyses. 


Laboratory  No 

Proximate: 

Moisture per  cent 

Volatile  matter do. . 

Fixed  carbon do. . 

Ash do.. 

Sulphur do. . 


Raw  fuel. 


5832 

3.16 
15. 90 
76.73 

4.31 
.52 


LHtimafe: 

Hydrogen per  cent. 

Carbon do. . . 

Nitrogen do. . . 

Oxygen do. . . 


Raw  fuel. 


4.28 

87.01 

1.00 

2.72 
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Extraction  analyses. 


Pitch. 


Fuel, 
J-17. 


Laboratory  No 

Air-dryinelos5 percent. 

Extracted  bv  CS2  (as received) do. . . 

Heat  value . '. B.  t.  u . 


5940 


5832 
2.80 


96.60 
16,  780 


14, 746 


WYOMING  NO.  1. 

A  sample  of  black  lignite  coal  (over  a  5-inch  screen)  from  near 
Sheridan,  Sheridan  County,  on  the  Burlington  system,  was  desig- 
nated Wyoming  No.  1,  and  a  part  of  the  sample  was  subjected  to 
briquetting  tests  on  the  English  machine  at  the  St.  Louis  plant. 

This  coal  was  a  black,  pitchy-looking  lignite,  which  contained  23 
per  cent  of  water.  It  was  first  tried  without  drying,  9  per  cent  of 
pitch  H  being  used.  Judgmg  from  the  resultmg  briquets  there  was 
a  slight  excess  of  pitch,  but  on  account  of  the  large  proportion  of  water 
in  the  lignite  the  pitch  seemingly  failed  to  adhere  to  the  grains  of 
lignite.  The  fresh  briquets  did  not  stand  handling  well,  and  when 
broken  open  the  grains  of  lignite  seemed  to  be  coated  with  moisture, 
which  prevented  the  pitch  from  adhering  to  them.  Many  of  the 
briquets  were  porous,  not  being  sufficiently  pressed,  and  they  were  also 
brittle.  Some  of  them,  however,  were  fairly  good.  When  broken  and 
burned  m  the  stove  they  stood  up  well  m  the  fire  and  burned  better 
than  any  lignite  briquets  that  had  thus  far  been  made.  They  weighed 
on  an  average  6.31  pounds  each. 

Another  ton  of  this  lignite  was  ground  in  the  Williams  mill  and  run 
through  the  drier,  but  this  operation  removed  only  a  part  of  the  water, 
so  that  the  briquets  still  contained  considerable  moisture.  This  mate- 
rial was  briquetted  on  the  Enghsh  machine  with  8  per  cent  of  pitch  H. 
A  minimum  amount  of  steam  was  used,  which  did  not  contain  any 
excess  of  water,  and  a  maximum  pressure  was  applied.  As  received 
from  the  machine,  many  of  the  briquets  showed  perpendicular  cracks, 
due  to  excessive  pressure.  The  hot  briquets  did  not  stand  handling, 
the  individual  grains  of  the  lignite  seeming  to  be  wet  and  not  cohering 
at  all.  Many  of  them  would  crack  badly  under  their  own  weight. 
On  breaking  open  the  hot  briquets  the  grains  of  lignite  seemed  to 
move  about  as  if  alive.  This  lack  of  cohesion  continued  until  the 
pitch  became  rather  hard  and  could  not  longer  be  pressed  in  the 
macliine.  Variation  in  the  pressure  of  steam  used  as  the  mixture 
passed  thi-ough  the  pug  null  had  no  effect  on  the  cohesion  of  the 
briquets.  On  cooling,  however,  these  briquets  became  very  hard  and 
strong  and  broke  with  a  sharp  fracture  and  with  only  a  smaU 
waste.  In  burnhig  they  did  not  fall  to  pieces,  as  did  the  other 
lignite  briquets,  but  burned  satisfactorily.  They  were  very  light, 
weighing  only  5.85  pounds  each,  and  had  a  specific  gravity  of  0.98. 
The  specific  gravity  of  the  coal  was  only  1.16.  The  crushmg  strength 
of  these  briquets  was  9,600  pounds,  or  339  pounds  to  the  square  inch. 
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FUEL-BKIQUETTING  INVESTIGATIONS. 


Another  ton  of  this  coal  was  tested  with  a  soft,  tough  asphah, 
B6,  from  Casper,  Wyo.  As  had  been  sho^vn  by  laboratory  tests, 
this  asphalt  could  not  be  used  alone  on  the  English  machine,  and 
as  a  result  the  lignite  was  briquetted  with  5  per  cent  of  asphalt 
B6,  2^  per  cent  of  rosm,  and  1  per  cent  of  lime  that  had  previously 
been  hydrated.  The  mixture  worked  perfectly  in  the  machme,  and 
the  hot  briquets  were  firm  and  easily  handled,  but  the  proportion 
of  binder  was  not  sufficient,  and  the  briquets  were  dry  and  not 
strong.  Another  reason  for  this  result  was  that  during  the  two 
crushhigs  and  dryings  of  the  lignite  the  grams  had  become  of  a 
nearly  uniform  size  (about  10-mesh  fineness),  so  that  the  briquets 
were  very  porous  in  spite  of  the  maximum  })ressiu-e  used.  In  burn- 
ing, the  briquets  fell  to  pieces.  They  weighed  on  an  average  5.40 
pounds  each.  A  combination  of  this  coal  and  asphalt  can  undoubt- 
edly be  obtained  that  will  briquet  satisfactorily. 

A  further  test  of  this  lignite  was  made  with  7  per  cent  of  a  mixture 
composed  of  20  parts  asphalt  and  1  part  rosm,  with  1  part  slaked 
lime.  The  coal  had  been  previously  dried.  The  briquets  were  ])oor 
and  disintegrated  badly  in  the  fire.  This  coal  was  again  tried  wdth 
the  same  binder  without  previous  drymg.  The  resultant  briquets, 
though  better  phj'sically,  did  not  have  so  much  cohesion  m  the  fire 
as  the  first.  It  is  probable  that  a  partial  drying  of  this  lignite  would 
give  the  best  results. 

A  supply  of  Wyommg  lignite  received  from  Casper,  Wyo.,  was 
briquetted  without  previous  drying  with  8  per  cent  of  a  mixture 
composed  of  2  parts  of  Wyoming  asphalt  to  1  part  of  rosin  and  1 
per  cent  of  slaked  lime.  The  resultant  briquet  stood  up  hi  the  fire 
fairly  well,  although  it  disintegrated  a  little.  With  7  per  cent  of 
the  mixture  and  1  per  cent  of  slaked  lime  the  briquet  was  practically 
the  same;  with  6  per  cent  of  the  mLxture  and  1  per  cent  of  slaked 
lime  the  briquet  was  crumbly;  and  with  7  per  cent  of  the  mixture 
without  lime  the  briquet  was  j)hysicaUy  a  little  tougher,  but  disin- 
tegrated more  in  the  fire  than  when  the  lime  was  used.  On  increas- 
ing the  percentage  of  lime  and  usmg  7  per  cent  of  the  mixture  and  2 
per  cent  of  slaked  lime  a  briquet  was  obtamed  that  looked  much 
like  those  made  with  the  7   to   1   combination  and  was  not  any 

stronger. 

Chemical  analysis  of  subhituminoun  coal  from  Sheridan,  Wyo. 


Car 
sample. 


Laboratory  No 

Proximate: 

Air-drying  loss per  cent . 

Moisture do . . . 

Volatile  matter do... 

FLxed  carbon do . . . 

Ash do. . . 

Sulphur do. .. 


Ultimate: 

Hydrogen per  cent. 

Carbon do... 

Nitrogen do... 

Oxygen do . . . 

Heat  value B.  t.  u. 


5.01 
70.97 

1.32 
16.12 
9,734 


DETAILS    OF   BRIQUETTING   TESTS. 
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WYOMING  NO.  6. 

Subbituminous  nin-of-mine  coal  from  3  miles  west  of  Kemmerer, 
Liiioolii  County,  2  miles  from  the  Union  Pacific  Railroad,  was  desig- 
nated Wyoming  No.  6,  and  a  part  (24,000  pounds)  of  the  sample 
was  used  in  briquetting  test  134.  Steaming  test  419  was  made  of 
the  briquets  from  the  above  test. 

In  test  134  the  details  were  as  follows:  Size  of  coal  used:  Over 
one-fourth  mch,  2.4  per  cent;  one-tenth  inch  to  one-fourth  inch, 
9.2  per  cent;  one-twentieth  mch  to  one-tenth  inch,  22.2  per  cent; 
one-fortieth  inch  to  one-twentieth  inch,  26  per  cent;  through  one- 
fortieth  inch,  40.2  per  cent;  kind  of  binder,  water-gas  pitch;  labora- 
tory number,  3486. 

English  briquets,  with  an  average  weight  of  3.18  pounds,  and  made 
at  179°  F.,  with  5,  6,  7,  8,  and  10  per  cent  of  binder,  would  not  cohere; 
all  the  briquets  could  be  crushed  in  the  hand.  In  the  weathering 
test  they  were  exposed  180  d&js;  the  condition  of  those  with  5  and  6 
per  cent  of  binder  was  D;  of  those  with  7  and  8  per  cent  binder,  E. 

Drop  test  (1-inch  screen). 


Percentage  of  binder. 

5 

6 

' 

8 

Held 

35.4 
64.  ti 

61.3 
38.7 

74 
26 

79 

Passed 

21 

Renfrow  No.  1  machine  briquets  made  at  149°  F.,  average  weight 
0.42  pound,  with  7,  8,  and  10  per  cent  binder,  were  not  improved 
by  an  increase  in  the  percentage  of  pitch;  all  of  the  briquets  were 
poor  and  could  be  crushed  in  the  hand.  In  the  weathering  test  they 
were  exposed  180  days  when  then-  condition  was  E. 

Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Proximate; 

Moisture per  cent 

Vola  t  ile  matter do . . 

Fixed  carbon do. . 

Asli do.. 

Sulphur do. . 


Car  sam- 
ple. 


3390 

19.00 
36.64 
41.24 
3.12 
.49 


Test  134. 


15.57 

38.74 

42.87 

2.82 

.59 


Ultimate: 

Hydrogen per  cent. 

Carbon do . . . 

Nitrogen do. . . 

Oxygen do.. . 


Car  sam- 
ple. 


5.31 
73.31 

1.21 
15.72 


Test  134. 


4.99 
74.59 

1.03 
15.35 


Extraction  analyses. 


Laboratory  No 

Air-drying  loss .' .' '  .'^r'^t! 

Extracted  by  CSi  (as  received) do. . . 

Pitch  in  briquet  by  analysis do 

Heat  value B.  t.  li 


Pitch. 


85.57 


16,407 


Fuel. 


Wyo. 

No.  6. 


3390 
11.30 
0.83 


Briquets. 


Test  134. 


10,307 


4.90 

5.82 

6.13 

10,994 


92012°— Bull.  5&— 13 18 
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FUEL-BEIQUETTIXG   INVESTIGATIONS. 


MISCELLANEOUS  NO.  5. 

A  sample  of  coke  breeze  furnished  by  a  gas  company  was  used  in 
briquetting  test  152  and,  in  mixture  with  Tennessee  No.  4,  in  tests 
150  and  151.  The  data  of  briquetting  tests  Nos.  150  and  151  are 
included  under  the  discussion  of  Tennessee  No.  4. 

In  test  152  the  size  of  coal  used  was  as  follows:  Over  one- 
fourth  mch,  2.8  per  cent;  one-tenth  inch  to  one-fourth  inch,  11  per 
cent;  one-twentieth  inch  to  one-tenth  inch,  21.2  per  cent;  one-fortieth 
mch  to  one-twentieth  inch,  30.4  per  cent;  through  one-fortieth  inch, 
34.6  per  cent.  The  briquets  were  very  soft  when  warm,  showing 
nearly  25  per  cent  breakage  in  fallmg  from  the  delivery  belt  of  the 
machme  and  in  handling  with  coke  forks.  They  could  not  be  piled 
satisfactorily  while  warm.  When  cold  they  had  a  rough,  hard  sur- 
face, with  a  coating  of  brown  from  the  dies,  and  broke  without 
crumblmg,  giving  a  rough  fracture  surface. 

Briquetting  tests. 


Test  152. 


Details  of  manufacture: 

Machine  used 

Briquetting  temperature."  F.. 
Binder — 

Kind 

Laboratory  No 

Amount. .". per  cent. . 

Weiplit  of— 

Fuel  briquetted.. pounds.. 

Briquet,  average do 

Drop  test  (l-incn  screen): 

Held per  cent. . 

Passed do 


Renfrow  No.  1 
149 

W.  G.  P. 
3410 

8 

20,000 
0.437 

60.5 
39.5 


Tumbler  test  (1-inch  screen): 

Held per  cent . 

Passed do... 

Fines  tlirough  10-mesh  sieve, 

per  cent 

Weather  test: 

Time  exposed days. 

Condition 

Absorption  test: 

Time  immersed days. 

V.'ater  absorbed per  cent. 

Average  for  first  5  days. .do. . . 
Specific  gravity  (apparent) 


Test  152. 


72.5 
27.5 

90.0 

198 
A 

15 
20.6 
2.64 
1.030 


Chemical  analyses  of  coal  and  briquets. 


Fuel.     I   Test  152. 


Laboratory  No 

Moisture per  cent 

Volatile  matter do . . 


3386 
10.72 
4.08 


3385 
5.01 
10.70 


Fixed  carbon per  cent. , 

Ash do 

Sulphur do 


Fuel. 


73.25 

11.95 

1.02 


Test  152. 


72.05 
12.24 
1.05 


Extraction  analyses. 


Pitch. 


Fuel       Briquets, 
*"^'-       test  152. 


Laboratory  No 

Air-drying  loss 

Extracted  by  CS2  (as  received). 
Pitch  in  briquet  by  analyses. . . 
Heat  value 


3410 
79.' 98 


.per  cent 

do.. 

do.. 

..B.  t.  u-.'       16,478 


3386 
8.80 
0.59 


11,036 


3385 
3.10 
6.74 
7.75 
12, 119 


MISCELLANEOUS  NO.  9. 

Coke  breeze  from  a  plant  in  Madison,  111.,  was  designated  Miscel- 
laneous No.  9  and  was  used  in  briquetting  tests  247  and  249;  also,  in 
mixture  with  Pennsylvania  No.  18,  in  briquetting  tests  238,  239,  24.0, 
and  248.     The  briquets  from  test  247  were  used  in  a  special  cupola 
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test.     A  description  and  data  from  tests  238,  239,  240,  and  248  are 
found  under  the  heading  "Pennsylvania  No.  18." 

In  test  247  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch,  2.2  per  cent;  one-tenth  inch  to  one-fourth  inch,  8  per  cent;  one- 
twentieth  inch  to  one-tenth  inch,  15  per  cent;  one-fortieth  inch  to 
one-twentieth  inch,  25.6  per  cent;  through  one-fortieth  inch,  49.2 
per  cent.  Attempts  to  briquet  coke  breeze  with  unslaked  lime  as  a 
binder  were  unsatisfactory.  Briquets  were  made  by  the  addition  of 
pitch  to  the  lime,  and  showed  when  warm  characteristics  similar  to 
those  of  the  briquets  made  in  test  249.  The  cold  briquets,  however, 
were  much  harder  and  continued  to  increase  in  hardness  for  several 
weeks.  The  hardened  briquets  had  a  smooth  outer  surface  and  a 
rough,  hard  fracture  surface,  with  firm  edges. 

In  test  249  the  size  of  coal  used  was  as  follows:  Over  one-fourth 
inch,  1.6  per  cent;  one-tenth  inch  to  one-fourth  inch,  7.6  per  cent; 
one-twentieth  inch  to  one-tenth  inch,  15.8  per  cent;  one-fortieth 
inch  to  one-twentieth  inch,  25.8  per  cent;  through  one-fortieth  inch, 
49.2  per  cent.  The  characteristics  of  these  briquets  were  similar  to 
those  of  the  briquets  discussed  in  the  report  of  test  248.  The  briquets 
had  a  coating  of  bronze  from  the  dies,  which  showed  perceptably  the 
erosive  effect  of  the  coke.  Satisfactory  briquets  were  made  with  8 
per  cent  of  binder,  and  no  increase  in  cohesion  was  observed  when 
more  were  used. 

Briquetting  tests. 


Test  247.a 


Test  249. 


Details  of  manufacture: 

Machine  used 

Briquetting  temperature °F . . 

Binder- 
Kind  

Laboratory  No 

Amount per  cent. . 

Weiglit  of— 

Fuel  l)riquetted pounds. . 

Briquet,  average do 

Drop  test  (1-inch  screen): 

Held per  cent. . 

Passed do 

Tumbler  test  (l-inch  screen): 

Held do.... 

Passed do 

Fines  through  10-mesh  sieve do 

Absorption  test: 

Time  immersed days. . 

Water  absorbed per  cent. . 

Average  for  fi  rst — 

C  days do 

5  days do 

Specific  gravity  (apparent) 


Renfrow  No.  1. 
176 

(6) 
4879 
8  of  each. 

6,000 
0.642 

66.0 
34.0 

86.5 
13.5 
65.0 

10 
10.0 

1.50 


Renfrow 
W. 


No.l. 
158 


G.  P. 

4879 


2,000 
0.520 

67.0 
33.0 

79.5 
20.5 
81.0 

23 

18.8 


1.287 


2.60 
1.178 


a  The  briquets  made  'n  this  test  were  used  in  a  special  cupola  test. 
b  Water-gas  pitch  and  unslaked  lime,  8  per  cent  each. 

Chemical  analyses  of  coal  and  briquets. 


Laboratory  No 

Moisture per  cent. . 

Volatile  matter do 


Raw 
fuel. 


4763 
1.95 


Tests  247 
and  249. 


4827 
2.61 
10.71 


Fixed  carbon per  cent. 

Ash do... 

Sulphur do. . . 


Raw 
fuel. 


75.50 

21.66 

.66 


Tests  247 
and  249. 


58.55 
28.13 
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Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CS2 do. . . 

Pitch  in  briquet  by  analysis do. . . 

Heat  value .% B.  t.  u. 


94.50 


16,805 


Fuel. 


4763 
1.30 
0.15 


10, 870 


Briquets, 
tests  247 
and  249. 


4827 
1.30 
7.22 
7.50 
9,925 
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Huntington  Creek,  Utah,  coal  from,  analyses 

of 236 

tests  of,  notes  on 235,236 

results  of 236 

Hydraulic  press,  view  of 32 

Hymora,  Ind.,  coal  from,  analysis  of 103-165 

test s  of,  notes  on 162-164 

results  of 103, 164 

I. 

lone,  Cal.,  lignite  from,  analyses  of 138 

tests  of,  notes  on 135-142 

results  of 136, 137, 139, 142 

J. 

Jenny  Lind,  .\rk.,  coal  from ,  analysis  of 128, 132 

tests  of,  notes  on 127,132 
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Kemmerer,  Wyo.,  coal  from,  analyses  of 263 

tests  of,  notes  on 263 

results  of 263 

Knoesel,  T.,  work  of 103 

"  Kopak,"  tests  of,  results  of 53 

Krause,  H.,  work  of 103 

Kreisiuger,  Henry,  work  of 113, 116, 117 

L. 

Ladley  Ijriquetting  machine,  description  of. .        36 

view  of 36 

Lafayette,  Colo.,  lignite  from,  analysis  of 143 

tests  of,  notes  on 142 

Lawton,W.Va.,  coal  from,  analyses  of 251 

tests  of,  notes  on 249 

results  of 250 

Lehigh,  N.  Dak.,  lignite  from,  analyses  of. .  188, 193 

tests  of,  notes  on 187, 188, 191, 192 

results  of 192 

Lehman,  Otto,  work  of 3 

Lignite,  amount  of,  in  United  States 7,8 

briquetting,  advantages  of 10 

in  Europe 8 

in  Germany,  cost  of 12, 15 

in  United  States 6 

cost  of 12, 13 

with  binder,  cost  of 16, 17 

distribution  of,  in  United  States 8 

effect  of  moisture  in 10 

use  of ,  in  United  States 6, 7 

value  of,  in  LTnited  States 8 

Lignite  briquets,  coherence  of,  without  binder       17 

weathering  of 10 

Lignite-briquetting  plant,  cross  section  of, 

figure  showing 31 

longitudinal  section  of,  figure  showing 32 

views  of 32 

Lignite-briquetting  press,  vertical  sections  of, 

figure  showing 33 

Lime,  tests  of,  re,sults  cf 62 

use  of,  in  binders 49 

Lime  and  rosin,  tests  of,  results  of 57, 61, 02 

Livingston,  111.,  coal  from,  analysis  of 1 56 

tests  of,  notes  on 155 

results  of 155 

Lloydell,  Pa.,  coal  from,  analysis  of 202-204 

tests  of,  notes  on 199-204 

results  of 200, 201, 202, 204 

Locomotive-boiler  tests  of  briquets,  conclu- 
sions from 113,114 

description  of 111-116 

results  of 112, 1 13 

Ly  tie,  Tex. ,  coal  from,  analyses  of 232 

tests  of,  notes  on 229-231 

results  of 232 

M. 

Madison,  111.,  coke  breeze  from,  analyses  of.  265,266 

tests  of,  notes  on 264, 265 

results  of 264 

Malcolmson,  C.  T.,  work  of 3 

Merrimac,  Va. ,  culm  from,  analyses  of 241, 242 

t€Sts  of,  notes  on 241 

results  of 241 


Midland,  .\rk.,eoal  from,  analysis  of 133 

tests  of,  notes  on 132 

results  of 133 

Midvale,  W.  Va. ,  coal  from,  analyses  of 260 

tests  of,  notes  on 258, 2.59 

results  of 259 

Mildred,  Ind.,coal  from,  analysis  of 160-162 

tests  of,  notes  on 160, 161 

results  of I6I 

Mills,  J.  E.,  work  of 3,65 

Minden,  W.  Va.,  coal  from,  analyses  of 258 

notes  on 257 

results  of 258 

Moisture,  efiect  of,  in  lignite 10 

method  of  determining 107 

Molasses  as  binder,  tests  of,  restilts  of 58, 59 

use  of 49 

Morgantown,  W.  Va.,  coal  from,  analysisof. .  243 

tests  of,  notes  on 243 

N. 

Nelson,  E.  D.,  work  of 113 

New  Home,  Mo. ,  coal  from,  analysis  of 182 

tests  of,  notes  on 182 

Norfolk,  Va. ,  briquetting  plant  at,  description 

of 26,27 

plan  of 28 

tests  made  by 40,41 

North  Dakota  e.xperiment  station,  work  at. .  11 

Nystrom,  E. ,  work  of 15 

O. 

O'  Fallon,  111. ,  coal  from,  analysis  of I44 

tests  of,  notes  on 143 

Oliver  Springs,  Tenn.,  coal  from,  analyses  of.  223 

tests  of,  notes  on 222 

results  of 223 

Orme,  Term.,  coal  from,  analyses  of 226 

tests  of ,  notes  on 226 

P. 

Panama,  Okla.,  coal  from,  analysis  of 175 

tests  of,  notes  on 174, 175 

results  of 175 

Parker,  E.  W.,  work  of 2 

Peat  machine,  Schiickeysen,  description  of. .  29,30 

view  of 22 

Petroleum  as  binder,  use  of 48, 68 

Petroleum  and  rosin,  tests  of,  results  of 56 

Pintsch-gas  tar,  composition  of 44 

Pitch,  as  binder,  advantages  of 67 

analyses  of 46 

definition  of 44 

distillation  of 47 

melting  point  of,  determination  of 63,64 

tests  of,  results  of 50, 60, 61 

Pitch  .\,  analyses  of 46 

characteristics  of 45 

distillation  of 47 

tests  of,  results  of 50 

Pitch  B,  analyses  of 46 

distillation  of 47 

tests  of,  results  of 51 

Pitch  C,  analyses  of 46 

tests  of,  results  of 51 


276 


INDEX. 


Pitch  D,  analyses  of 46 

distillation  of 47 

tests  of,  results  of 51 

Pitch  E,  analyses  of 46 

distillation  of 47 

tests  of,  results  of 51, 52 

Pitch  F,  analyses  of 46 

Pitch  G,  analyses  of 46 

distillation  of 47 

tests  of,  results  of .' 52 

Pitch  II,  analyses  of 46 

characteristics  of 45, 46 

Pitch  X,  analyses  of ". 46 

characteristics  of 45 

distillation  of 47 

tests  of,  results  of 52 

Pitch  Y,  characteristics  of 45 

Pitch  Z,  characteristics  of 45 

tests  of,  results  of 52 

Pittsburgh,   Pa.,  briquetting  plant  at,  de- 
scription of 30 

tests  made  at 37,39-41 

view  of 30, 32 

Pocahontas,  Va.,  coal  from,  analyses  of 240 

tests  of,  notes  on 239 

results  of 240 

Pollacsek  briquetting  process,  description  of .  99, 100 

Pratt,  J.  H.,  work  of 3 

R. 

Ray,  W.  T.,  work  of 113,116,117 

Red  Lodge,  Mont.,  coal  from,  analysis  of 1S5 

tests  of,  notes  on 184,185 

Red  Star,  W.  Va.,  coal  from,  analyses  of 247 

tests  of,  notes  on 247 

results  of 247 

Renfrow  briquetting  machine,  description  of.  25, 26 

elevation  of 30 

views  of 26,30 

Roberts,  J.  C,  work  of 3 

Robeson,  J.  S.,  work  of 103 

Rockdale,  Tex.,  coal  from,  analysis  of 229 

tests  of,  notes  on 228 

Rosin,  use  of,  in  binders 47 

Rosin  and  asphaltic  pitch,  tests  of,  results  of.        61 

Rosin  and  lime,  tests  of,  results  of 57, 61, 62 

Rosin  and  petroleum,  tests  of,  results  of 56 

Rosin  and  sulphuric  acid,  tests  of,  results  of . .        57 
Roslsm,  Wash.,  coal  from,  analyses  of 242, 243 

tests  of,  notes  on 242 

results  of 242 

Rush  Run,  W.  Va.,  coal  from,  analysis  of 244 

tests  of,  notes  on 243, 244 

Ryder,  G.  E.,  work  of 3 

S. 
Schlickeysen  peat-  machine.    See  Peat  ma- 
chine, Schlickeysen. 

Schorr,  Robert,  work  of 15 

Schulz  drier,  views  of 32 

Scranton,  N.  Dak.,  lignite  from,  analyses  of.  190, 191 

tests  of,  notes  on 189, 190 

results  of 190 

Scranton,  Pa.,  culm  from,  analysis  of 196 

tests  of,  notes  on 195,196 

results  of 78, 79 
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Sembritzki,  W.,  work  of 97, 103 

Seward,  Pa.,  coal  from,  analyses  of 206 

tests  of,  notes  on 205 

,results  of 205 

Sewell,  W.  Va.,  coal  from,  analyses  of 246, 247 

tests  of,  notes  on 246 

results  of 246 

Sheridan,  Wyo.,  coal  from,  analysis  of 262 

tests  of,  notes  on 261, 263 

Shiloh  Station,  111.,  coal  from,  analysis  of 157 

tests  of,  notes  on 156 

results  of 157 

Smith,  R.  E.,  work  of 115 

Smoke,  elLmLnation  of,  from  briquets 20, 21 

Somermeier,  E.  E.,  work  of 46,48 

St.  Louis,  Mo.,  briquetting  plant  at,  equip- 
ment of 22-26 

tests  made  by 37-41 

Stanaford,  W.  Va.,  coal  from,  analyses  of 253 

tests  of,  notes  on 252 

results  of 253 

Stanton.  F.  M.,  work  of 3, 107 

Starch  as  binder,  use  of 67 

Stationary-boiler  tests  for  briquets,  descrip- 
tion of 108, 109 

Staunton,  111.,  coal  from,  analysis  of 148, 150 

tests  of,  notes  on 147, 150 

results  of 147 

Steaming  tests  for  briquets,  description  of. .  lOS-lU 

key  to 109-111 

Stedman  disintegrator,  view  of 28 

Steel,  A.  A.,  work  of 3 

Straight  Creek,  Ky.,  coal  from,  analysis  of . . .      179 

tests  of,  notes  on 178, 179 

Strasser,  Robert,  work  of 3 

Sulphite-liquor  binder,  characteristics  of 72 

tests  with,  results  of 77-79,83,86-88,90,96 

Sulphite  pitch,  advantages  of,  as  binder 98 

composition  of 98 

preparation  of 97 

See  also  Cell  pitch. 
Sulphuric  acid   and  rosin,  tests  of,  results 

of 57 

Switchback,  W.  Va..  coal  from,  analyses  of. .      256 

tests  of,  notes  on 255 

results  of 265 


Thorp,  F.  H.,  work  of 103 

Tono,  Wash.,  coal  from,  tests  of,  results  of.. .  93,94 

Trainer,  — .  work  of 102 

Trenton,  111.,  coal  from,  analysis  of 160 

tests  of,  notes  on 159 

results  of 159 

Troy,  lU.,  coal  from,  analysis  of 146, 151 

tests  of,  description  of 144, 145 

notes  on 150 

Tumbler  test  for  briquets,  description  of. . .  103, 104 

V. 

Vanderwalker,  N.  Dak.,  lignite  from,  analy- 
ses of 195 

tests  of,  notes  on 193, 194 

results  of 72, 73, 74, 194 
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Walsh,  J.  F.,  work  of 115 

Warden,  111.,  coal  from,  analysis  of 158, 159 

tests  of,  notes  on 158 

results  of 158 

Water-gas   machine   test   of   briquets,    pur- 
poses of 119 

results  of 120 

Water-gas  pitch  and  cell-pitch  binders,  tests 

with,  results  of 87, 88, 92 

Water-gas  pitch  and  flour  binders,  tests  with, 

results  of 92 

Water-gas  pitch,  advantage  of,  as  binder 42 

characteristics  of 72 

tests  with,  results  of . . .  73, 75, 80, 84, 89, 91-93, 95 

use  of 42, 43 

Wax  tailings,  tests  of,  results  of 59, 60 

use  of ,  as  binder 68 

Weathering  test  for  briquets,  description  of.  104, 105 

views  of 106 

Wehrum,  Pa.,  coal  from,  analyses  of 198 

tests  of,  notes  on 197 

results  of 197 


W^ry,  — .  — .,  work  of 18 

West  Raleigh,  W.  Va.,  coal  from,  analysis  of.      255 

tests  of,  notes  on 253, 254 

results  of 254 

Wheat  flour  binder,  characteristics  of 72 

tests  with,  results  of 73, 80, 81, 93, 95, 96 

Wilder,  Term.,  coal  from,  analyses  of 224, 225 

tests  of,  notes  on 223, 224 

results  of 224 

Wflliston,  N.  Dak.,  coal  froqji  near,  tests  of, 

results  of 75-77 

Wilson,  H.  M.,  work  of •_ 3 

Winona,  W.  Va.,  coal  from,  analyses  of 252 

tests  of,  notes  on 251 

results  of 251, 252 

Wright,  C.  L.,  work  of 3 

Y. 

Yale,  Kans.,  coal  from,  analysis  of 176, 178 

tests  of,  notes  on 176, 177 

results  of 177 
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